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Published  monthly  by  the  National  Technical 
Information  Service  (NTIS),  Tech  Notes  bring 
together  individual  one-  to  two-page  fact  sheets 
prepared  by  Federal  agencies,  their  laboratories, 
or  contractors.  These  fact  sheets  highlight  current 
Federal  technology  determined  to  have  commer- 
cial or  practical  application.  Topics  cover  new 
processes,  materials,  techniques,  software, 
instrumentation,  and  resources. 

Some  of  the  current  sources  are  the  Depart- 
ment of  the  Navy,  Department  of  the  Army, 
NASA,  Department  of  Energy,  Environmental 
Protection  Agency,  Department  of  the  Interior, 
and  the  Department  of  Agriculture. 

Special  assistance  is  provided  by  the  Federal 
Laboratory  Consortium. 


Change  of  address  or  questions  concerning 
subscriptions  should  be  sent  to: 

Subscriptions  Department 

National  Technical  Information  Service 

Springfield,  VA22161 

(703)  487-4630 

Suggestions,  comments,  or  questions  concerning 
Tech  Notes  should  be  directed  to: 

Tech  Notes  Editor 

Room  300B  F 

National  Technical  Information  Service 

Springfield,  VA22161 

(703)  487-4805 
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Every  Tech  Notes  fact  sheet  lists  a  source 
for  additional  information.  The  source  of 
this  information  may  be  a  special  support 
package  from  the  originating  agency,  a 
personal  contact,  a  licensing  opportunity, 
or  a  backup  report  available  from  NTIS. 


Each  fact  sheet  also  is  perforated  to  allow 
for  easy  removal  for  those  subscribers  who 
may  wish  to  keep  a  special  fact  sheet  file  or 
route  to   others   in   their  organization 


Sources  of 

Further  Backup 

Information 


Below  are  two  representative  examples  of 
how  each  Tech  Note  fact  sheet  provides 
you  with  a  source  of  further  information.  In 
most  cases,  this  information  is  provided 
directly  by  the  agency  or  its  laboratory. 


However,  there  are  cases  where  NTIS  is 
the  source  for  backup  documentation.  In 
these  cases,  use  the  order  form  at  the 
end. 


Examples: 

significant  distance  from  the  endwalls.  Therefore,  a 
radial  variation  in  efficiency  should  be  used  when 
designing  small  stators. 

Project  Officer  Jeffrey  E.  Haas — — 

(216)433-4000. 

FOR    ADDITIONAL    INFORMATION 

You  can  learn  more  about  this  technology  by  ord 
the  NTIS  report(s): 

Cold-Air  Performance  of  Compressor  Drive 

Turbine 

Order  number:  AD-A101066/NAA 

Price  code:  A02 

Order  from: 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield,  VA  22161 

(703)  487-4650 
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•Agency  contact  who  can 
supplement  the  information 
contained  in  the  backup 
report. 


NTIS  Order  Number* 
NTIS  Price  Code* 


*  See  the  order  form  and 
price  code  table  at  the  end 
of  the  issue. 


Suggested  applications  include  other  kinds  of 

refrigerators,  heat  engines,  thermal 

instrumentation,  and  heat  switches. 

This  work  was  done  by  Emanuel  Tward  of  Caltech 

for  NASA's  Jet  Propulsion  Laboratory. 

NPO-15479/TN 

FOR    ADDITIONAL    INFORMATION 

Contact:  Director,  Technology  Transfer 
Division,  P.O.  Box  8587,  BWI  Airport,  MD 
21240:  (301)  621-0100  Ext. 241. 
REFER  TO  THE  NUMBER  LISTED  AT  THE 
END  OF  THE  ARTICLE 
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Agency  reference 

number 

Source  of  more 
information  about  the 
technology  described  in 
the  fact  sheet 


•Page  number 


Tech  Notes  Title  List  for 
June  1990 


Agriculture  &  Food 

0461  Neckbands-An  Alternative  to  Ear  Tags  (Licensing 
Opportunity) 

0462  Skidder-Mounted  Herbicide  Application  Systems 

Computers 

0463  Guide  Can  Help  Federal  Agencies  Plan  For  GOSIP 

0464  New  Video  Describes  CALS  Program 

0465  Hypercube-Computer  Analysis  of  Electromagnetic 
Scattering — The  capabilities  of  hypercube  and 
parallel  processing  are  demonstrated. 

0466  Pulse  Vector-Excitation  Speech  Encoder — The 
number  of  computations  would  be  reduced  substan- 
tially. (Licensing  Opportunity) 

0467  Internal  Correction  of  Errors  in  a  DRAM — An  error- 
correcting  Hamming  code  is  built  into  the  circuit. 

Software 

0468  Program  for  Local-Area-Network  Electronic  Mail — 
Computer  workstations  are  used  as  electronic  mail 
boxes. 

Other  Items  of  Interest 

0469  XPQ/GCOS-8  SYSOUT  Interface  Software— A  slave 
user  program  can  obtain  SYSOUT  records  and 
transfer  them  to  a  remote  device. 

Electrotechnology 

0469  XPQ/GCOS-8  SYSOUT  Interface  Software— A  slave 
user  program  can  obtain  SYSOUT  records  and 
transfer  them  to  a  remote  device. 

0470  Generating  Weighted  Test  Patterns  for  VLSI 
Chips — Built-in  self-testing  circuitry  is  based  on 
probabilistic  fault-detection  concepts. 

0471  Memory  Switches  Based  on  MnO(2-x  )Thin  Films — 
"On"-state  resistance  is  adjustable,  and  on-to-off 
transition  is  irreversible.  (Licensing  Opportunity) 

0472  Multiple-Trellis-Coded  Modulation — The  theoretical 
gain  over  simple  multiple-phase-shift  keying  is  at 
least  2  to  3  decibels.  (Licensing  Opportunity) 

0473  Performances  of  Fixed-Lag  Phase-Smoothing 
Algorithms — Simulated  performances  differ  from 
those  predicted  by  linear  theory. 

0474  Planar  Antennas  on  Thick  Dielectric  Substrates — 
Features  include  ease  of  fabrication  and  wide  range 
of  operating  frequencies. 

0475  tau  Ranging  Revisited — Very-large-scale  integration 
may  give  new  life  to  an  abandoned  distance- 
measuring  technique. 


0476  Printed-Circuit  Cross-Slot  Antenna — Coupling 
between  the  perpendicular  slots  is  suppressed. 
(Licensing  Opportunity) 

0477  Simplified  Correction  of  Errors  in  Reed-Solomon 
Codes — A  new  decoder  can  be  realized  by  a 
simplified  pipeline  architecture.  (Licensing  Opportu- 
nity) 

0478  Using  Bit  Errors  To  Diagnose  Fiber-Optic  Links — Bit- 
error  rates  are  related  to  degradation  of  components. 

0479  Synchronization  Technique  for  Reception  of  Coded 
Data — The  shortest  sequence  of  bits  likely  to  be  filled 
with  error  bursts  is  examined. 

0480  VLSI  Architecture  for  Viterbi  Decoder — Circuits  of 
reasonable  size  can  process  convolutional  codes  of 
large  constraint  lengths.  (Licensing  Opportunity) 

0481  Weighted  Integrate-and-Dump  Filter — Cost  can  be 
decreased  by  use  of  lower  sampling  and  processing 
rates. 

Software 

0482  Estimation  of  Interlerence  in  Satellite/Ground 
Communications — The  relative  strengths  of  desired 
and  interfering  signals  are  computed  for  known 
orbits. 

Testing  &  Instrumentation 

0483  Improved  Digital  AC  Voltage  Source  Developed 

Energy 

0484  Silver  Oxide  (AgO)  Cathode 

0485  A  Wood-Fueled  Pressurized  Downdraft  Combustor- 
Turbine 

Engineering 

0486  Hydraulic  Fluid  Simulator  Assembly  Test  Facility 
Established 

0487  Chunkwood:  An  Alternative  Material  for  Building  Low- 
Use  Roads 

0488  Disk  Separation 

0489  Technical  Resource  Center  on  Hardwood  Processing 

0490  Articulated  Suspension  Without  Springs — Wheels 
negotiate  bumps  and  holes  with  minimal  tilting  of  the 
vehicle  body.  (Licensing  Opportunity) 

0491  Determining  Spatial  Coordinates  by  Laser  Ranging — 
Three  range-measuring  lasers  arranged  in  a  triangle 
measure  the  location  of  a  point.  (Licensing  Opportu- 
nity) 

0492  Heat  Exchanger  With  Reservoir  and  Controls — A 
heat-pipe  assembly  operates  as  an  evaporator  or  as 
a  condenser.  (Licensing  Opportunity) 
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Engineering  Cont. 

0493  Improved  Coupled  Fluid/Structural  Dynamical 
Model — Calculations  of  damping  or  instability  are 
made  more  accurate. 

0494  More  About  Multiple-Boundary-Condition  Testing — 
Measured  shapes  of  vibrational  modes  are  used  to 
update  mathematical  models. 

0495  Nonobstructive  Damping  for  Parts  Vibrating  in 
Flows — Vibrational  energy  is  dissipated  by  strategi- 
cally located  holes  filled  with  particles. 

0496  Two-Fault-Tolerant  Release  Mechanism — Failure  of 
two  out  of  three  pyrotechnic  devices  will  not  prevent 
operation.  (Licensing  Opportunity) 

Testing  &  Instrumentation 

0497  Optimum  Flow  Conditioning  for  Orifice  Meters 

0498  Electronic  Security  Indicating  Attachment  Developed 

0499  Interferometric  Measurement  of  Residual  Stress — 
The  stress  averaged  through  the  thickness  of  a  plate 
can  be  measured  nondestructively. 

0500  Measuring  Gaps  in  O-Ring  Seals — With  a  simple 
fixture,  gaps  are  measured  directly. 

0501  Multiple-Cantilever  Torque  Sensor — Sensitivity  to 
spurious  loads  is  small.  (Licensing  Opportunity) 

0502  Pressure  Gauges  Monitor  Leakage  Past  Seals — A 
statistical  technique  extracts  additional  information 
from  measurements. 

0503  Two  Tethered  Balloon  Systems — ^These  systems 
take  meteorological  measurements  for  a  variety  of 
research  projects.  (Licensing  Opportunity) 

0504  Using  Ruby  Balls  as  Fiducial  Marks — A  combination 
of  basic  and  advanced  techniques  yields  a  new 
capability  for  inspection. 

0505  Visual-Inspection  Probe  for  Cryogenic  Chamber — 
Parts  in  cold  environments  can  be  observed  from 
ambient  temperature. 

Ottier  Items  of  Interest 

051 0     CTMP  Press  Drying  Computer  Model 

Environmental  Science  &  Technology 

0506  Accurate  Emissions  Analyses  Are  Aim  Of  Gas 
Standards 

0507  CHEMFLO:  One-Dimesional  Water  and  Chemical 
Movement  in  Unsaturated  Soils 

Other  Items  of  Interest 
0488     Disk  Separation 


Manufacturing,  Machinery  &  Tools 

0508  VMS  Uses  PDES  to  Integrate  CAD/CAM 

0509  Press  Dry  Papermaking 

0510  CTMP  Press  Drying  Computer  Model 

051 1  Rounding  and  Aligning  Tubes  for  Butt  Welding — An 
easy-to-use  tool  helps  to  ensure  a  solid,  reliable  joint. 

0512  Dummy  Cup  Helps  Robot-Welder  Programmers — A 
cheap  copy  is  substituted  for  an  expensive  cup  when 
collisions  are  likely. 

0513  Development  of  Advanced  Welding  Control  Sys- 
tem— Sensors  and  adaptive  control  would  be 
integrated  into  the  system.  (Licensing  Opportunity) 

0514  Resistance  Welder  Using  480-Vac  Ground-Fault 
Interrupter — Safety  and  the  quality  of  weld  joints 
would  be  enhanced. 

Testing  &  Instrumentation 

0515  Camera  Would  Monitor  Weld-Pool  Contours — The 
weld  pool  would  be  illuminated  and  viewed  coaxially 
along  the  welding  torch. 

0516  Automatic  Calibration  of  Manual  Machine  Tools — A 
modified  scheme  uses  data  from  multiple  positions 
and  eliminates  tedious  positioning. 

051 7  Ground-Sensing  Circuit  for  Arc  Welders — An  open- 
circuit  detector  prevents  arc  burns  at  loose  ground 
connections. 

Materials 

051 8  Aluminum  Alloys  for  High  Temperature  Service 

051 9  NIST  Announces  New  Portland  Cement  Standards 

0520  Microporous  Fumed-Silica  Insulation 

0521  Borate  Technology  Transfer 

0522  Eradicating  Decay  in  Exterior  Timbers 

0523  Finishing  Wood  Exteriors  in  the  South 

0524  Performance  of  FRT  Wood  Under  High  Tempera- 
tures 

0525  Protecting  Wood  from  Humidity 

0526  Low-Density,  Sprayable,  Thermal  Insulation — An 
improved  formulation  prevents  cracks. 

0527  Superplastically  Formed  Titanium  Hat-Stiffened 
Panels — Beading  increases  the  critical  buckling 
strain. 

0528  Electrochemical  Study  of  Corrosion  of  Painted 
Steel — Resistor-and-capacitor  circuit  models 
represent  evolving  properties  of  coated  specimens. 

0529  Survey  of  Infrared-Absorbing  Coatings — Carbon 
black  and  silicon  carbide  grit  are  low  reflectance 
additives  (Licensing  Opportunity) 
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Materials  Cont. 

Testing  &  Instrumentation 

0530     Predicting  Pressure  Drop  in  Porous  Materials — 
Methodology  to  predict  flow  under  Shuttle  Orbiter 
tiles  is  applicable  to  other  porous  and  fibrous 
materials. 


Transportation  &  Components 

0542     Wing  Covers  for  Aerodynamic  Studies — Techniques, 
problems,  and  solutions  are  described. 


Medicine  &  Biology 

0531  Animal  Models  Of  Human  Disease 

0532  Capture,  Maintenance,  and  Culture  of  Loliginid 
Squids 

0533  Flows  in  Model  Human  Femoral  Arteries — Flow  is 
visualized  with  dye  traces,  and  pressure  measure- 
ments are  made. 

Testing  &  Instrumentation 

0534  Magnetic  Resonance  Spectroscopy  Opens  New 
Windows  Into  Body  Chemistry 


Natural  Resources  Technology  & 
Engineering 


0535 


0536 


Digital  Doppler  Processor  for  Spaceborne  Scatter- 
ometer — Corrections  for  the  rotation  of  the  Earth 
would  be  made. 


Terrestrial-Imaging  Spectroscopy- 
is  reviewed. 


-Progress  to  date 


Physical  Sciences 

0537  X-Ray  Photoelectron  Spectroscopy  Database 
Released 

Testing  &  Instrumentation 

0538  Compact,  Broadband  Infrared  Spectrometer — A 
double-pass  Schmidt  optical  system  is  stable  and 
light  in  weight.  (Licensing  Opportunity) 

0539  Dry-Enzyme  Test  for  Gaseous  Chemicals — An  easily 
administered  test  detects  alcohol  in  breath.  (Licens- 
ing Opportunity) 

0540  Infrared  Pyrometry  From  Room  Temperature  to  700 
Degrees  C — Consistent  readings  are  obtained  when 
specimens  are  prepared  appropriately. 

0541  Two-Frequency  Electro-optic  Gas-Correlation 
Spectrometer — An  acoustical  modulator  is  not 
necessary. 

Other  Items  of  Interest 

0465     Hypercube-Computer  Analysis  of  Electromagnetic 
Scattering — The  capabilities  of  hypercube  and 
parallel  processing  are  demonstrated. 

0506  Accurate  Emissions  Analyses  Are  Aim  Of  Gas 
Standards 
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Agriculture  &  Food 


0461  Neckbands-An  Alternative  to  Ear  Tags  (IJcensing  Opportunity) 

0462  Skidder-Mounted  Herbicide  Application  Systems 


Research  Technology 

Agricultural  Research  Service 

W     U.S.  Department  of  Agriculture 


Licensing 
Opportunity 


Neckbands-An  Alternative  to  Ear  Tags 


Cattle  have  swallowed  pills, 
carried  implants,  and  worn  ear  tags 
to  protect  them  from  biting  horn 
flies,  face  flies,  ticks,  and  mites. 
Soon  they  may  wear  neckbands,  the 
newest  weapon  in  the  battle  to 
control  insecticide-resistant  horn 
flies. 

"It's  an  alternative  to  ear  tags," 
says  J.  Allen  Miller,  ARS  agricul- 
tural engineer  at  the  Knipling- 
Bushland  U.S.  Livestock  Insects 
Research  Laboratory  in  Kerrville. 
Texas. 

In  the  mid-1970's.  when  they 
were  first  commercialized,  ear  tags 
immediately  won  ranchers  over 
because  they  were  both  economical 
and  effective.   But  within  2  to  3 
years  after  they  appeared  on  the 
market,  flies  began  to  develop 
resistance,  says  Miller. 

Heavy  reliance  on  the  ear  tags 
and  the  class  of  insecticides  they 
delivered — pyrethroids — may  have 
inadvertently  helped  horn  flies 
become  resistant.  "One  way  to 
manage  resistance  is  to  switch  to  a 
class  of  insecticides  that  has  a 
different  mode  of  action,"  says 
Miller. 

Organophosphates  appear  to  be  a 
good  choice  because  flies  are  not 
known  to  be  resistant  to  them. 
However,  they  are  less  toxic  and 
may  degrade  faster  than  the  pyre- 
throids, so  larger  amounts  are 
needed. 

Miller  says  neckbands  are  a  good 
delivery  method  for  this  class  of 
insecticides.  As  with  ear  tags,  the 
neckbands  provide  a  good  alterna- 
tive to  spraying  because  chemicals 
are  targeted  to  the  animal's  hair 
coat. 


"It's  a  device  within  a  device," 
says  Miller,  referring  to  a  polymer- 
ized plastic  reservoir  that  holds  the 
insecticide  inside  the  neckband. 
The  insecticide  is  released  from  the 
neckband  by  contact  with  the 
animal's  hair. 

As  easy  for  cattle  to  wear  as  ear 
tags,  the  neckbands  offer  another 
advantage.  The  reservoir  can  be 
refilled  by  including  a  removable 
plug  or  cap;  or  ranchers  may  prefer 
to  remove  the  neckband  and  discard 
it  at  the  end  of  the  insect  infestation 
season. 

In  addition  to  the  horn  fly,  or- 
ganophosphates are  effective 
against  face  flies;  mange  mites;  the 
screwworm  fly;  and  the  Gulf  Coast, 
lone  star,  and  southern  cattle  ticks. 

In  field  trials,  the  neckbands 
holding  chlorfenvinphos  provided 
91-percent  control  of  horn  flies. 
Diazinon  delivered  by  the  neck- 
bands provided  88-percent  control. 

Horn  flies  alone  annually  cost 
cattle  producers  about  $700  million 
in  reduced  weight  gains  and  low- 
ered milk  production  for  nursing 
calves.  Ticks  account  for  an  added 
$275  million  in  losses. 


For  Additional  Information: 

Inquiries  concerning  rights  for  commercial  use  of  this 

invention  should  be  addressed  to: 

Office  of  Federal  Patent  Licensing 

Center  for  the  Utilization  of  Federal  Technologv 

Room  304,  NTIS 

Spnngfield,VA  22161 

(703)487-4738 

To  discuss  this  effort  further  contact: 

Harold  J.  Allen  Miller  (512)  257-3566 

U.S.  Livestock  Insects  Research,  Kerrville,  TX  78029 

Refer  to  Patent  Application  07/226,057ArN 
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Skidder-Mounted  Herbicide 
Application  Systems 

In  the  past  three  decades,  herbicides  have  emerged  as 
an  important  vegetation  management  tool.  Nearly  1.5 
million  acres  of  commercial  forest  land  are  treated  each 
year  with  herbicides.  Concerns  over  the  environmen- 
tal impacts  of  such  treatments,  particularly  when  ap- 
plied aerially,  have  generated  a  need  for  more  controllable 
means  of  herbicide  application.  The  Chequamegon  Na- 
tional Forest  and  the  North  Central  Forest  Experiment 
Station  have  cooperatively  developed  two  controlled  her- 
bicide application  systems  that  are  skidder-mounted  and 
cost  effective. 

Both  systems  are  skid-mounted  for  easy  mounting  and 
removal  and  are  completely  self-contained.  The  first  sys- 
tem, a  liquid  applicator,  utilizes  a  380-gallon  stainless 
steel  tank,  pump,  gas  engine,  necessary  piping  and  valves, 
a  flow  metering  device,  and  a  Radiarc  spray  nozzle  by 
Waldrum  Specialties,  Inc.,  for  dispensing  the  chemical 
mix.  The  heart  of  the  system  is  a  Model  SCS-700  chem- 
ical injection  spray  controller  by  Raven  Industries,  Inc. 
The  second  system  is  a  granular  applicator,  a  Herd  Seeder 
Company  Inc.  Model  1200C  broadcaster  with  a  modi- 
fied feeding  mechanism,  a  diesel  engine,  and  the  Raven 
controller. 


In  both  systems,  the  controller  is  programmed  with  the 
system  variables  and  the  desired  application  rate  of  the 
herbicide.  In  operation,  the  controller  maintains  the  ap- 
plication rate  of  the  herbicide  based  on  the  ground  speed 
of  the  skidder. 

The  Chequamegon  National  Forest  has  applied  both  sys- 
tems and  reduced  their  per-acre  treatment  costs  by  60 
percent  from  previously  used  methods.  Cost  savings 
have  been  so  significant  that  four  other  National  Forests 
in  the  Eastern  Region  are  now  contracting  with  the 
Chequamegon  for  their  herbicide  application  work. 

For  additional  information,  contact: 
Michael  A.  Webr 
Mechanical  Engineer 
USDA  Forest  Service 
Forestry  Sciences  Laboratory 
Houghton,  Michigan  49931 
(906)  482-6303 


A  chemical  injection  spray  controller  gives  this  forwardcr-nwunted  application 
system  better  control  over  liquid  herbicide  application  rate.  A  similar  system 
[or  granular  application  has  also  been  developed. 


United  Stales  Forest  State  and 

Department  of  Agriculture  Service  Private  Forestry 


North  Central  Forest 
Experiment  Station 


462 


Computers 


0463  Guide  Can  Help  Federal  Agencies  Plan  For  GOSIP 

0464  New  Video  Describes  CALS  Program 

0465  Hypercube-Computer  Analysis  of  Electromagnetic  Scattering — The 
capabilities  of  hypercube  and  parallel  processing  are  demonstrated. 

0466  Pulse  Vector- Excitation  Speech  Encoder — The  number  of  computations 
would  be  reduced  substantially.  (Licensing  Opportunity) 

0467  Internal  Correction  of  Errors  in  a  DRAM — An  error-correcting  Hamming 
code  is  built  into  the  circuit. 

Software 


0468     Program  for  Local-Area-Network  Electronic  Mail — Computer 
workstations  are  used  as  electronic  mail  boxes. 


Other  Items  of  Interest 

0469    XPQ/GCOS-8  SYSOUT  Interface  Software— A  slave  user  program  can 
obtain  SYSOUT  records  and  transfer  them  to  a  remote  device. 


NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

^  U.S.  Department  of  Commerce,  Gaithersburq,  MP  20899 

Guide  Can  Help  Federal  Agencies  Plan  For  GOSIP 


"Welcome  to  the  world  of  the  Government  Open  Systems  Interconnection  Profile 
(GOSIP)"  begins  a  new  guide  issued  by  NIST.   Version  1  of  GOSIP  was  issued  as  a 
Federal  Information  Processing  Standard  in  August  1988.   After  August  15,  1990, 
it  becomes  mandatory  for  federal  agencies  to  use  in  procuring  networking 
products.   The  guide  will  help  federal  agencies  plan  for  the  introduction  of 
GOSIP-compliant  products  into  the  workplace.   For  example,  it  will  help 
procurement  specialists  better  understand  the  acquisition  requirements  for  GOSIP 
products.   It  will  direct  technical  staff  in  installing,  maintaining,  operating, 
and  evaluating  products.   Also,  it  will  assist  federal  managers  in  learning  how 
to  develop  project  plans  and  goals  around  GOSIP. 

FOR  ADDITIONAL  INFORMATION:   Both  Government    Open    Systems    Interconnection   Profile 
Users'    Guide    (SP  500-163)  and  Government    Open    Systems   Interconnection   Profile 
Users    (FIPS  PUB  146)  are  available  from  the  National  Technical  Information 
Service,  Springfield,  Va .  22161. 

NTIS  order  numbers:   PB90-111212  for  SP500-163;  FIPS  PUB  146  by  the  title 

Price  codes:   A07  for  SP500-163;  A04  for  FIPS  PUB  146) 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 

New  Video  Describes  CALS  Program 

NIST  researchers  have  developed  an  instrument  that  provides  a  portable  digitally 
synthesized  ac  voltage  source  with  many  potential  applications,  including  the 
calibration  of  high-accuracy  digital  voltmeters.   As  a  calibration  tool,  the 
instrument,  known  as  NIST  DSS-3,  is  an  improvement  over  other  voltage  sources. 
Commercially  available  digitally  synthesized  sources  were  not  designed  to  be  used 
as  voltage  standards  for  calibrations,  and  analog  voltage  standards  are  about  10 
times  less  accurate.   The  NIST  instrument  also  can  be  used  to  evaluate  thermal 
voltage  converter-based  measurement  systems  and  for  on-line  ac  voltage 
calibration  of  automatic  test  equipment.   Because  it  refers  ac  voltage  to  dc 
voltage  standards,  the  instrument  may  be  calibrated  in  the  user's  laboratory  with 
dc  standards  only.   This  saves  the  cost  of  sending  the  instrument  out  for 
calibration.   Future  revisions  to  the  instrument  may  include  integrating  faster 
components  (digital-to-analog  converters,  switches,  and  amplifiers)  and  digital 
signal  processing  chips  into  the  instrument's  design. 

FOR  ADDITIONAL  INFORMATION:   Media  Contact:   John  Henkel,  301/975-2762. 
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Hypercube-Computer 
Analysis  of 
Electromagnetic  Scattering 

The  capabilities  of  hypercube 
and  parallel  processing  are 
dennonstrated. 

A  report  describes  the  use  of  the  Mark  1 1 1 
Hypercube  computer  to  analyze  the  scat- 
tering of  electromagnetic  waves.  The  pur- 
pose of  this  study  was  to  assess  the  utility 
of  parallel  computing  in  such  computation- 
intensive  problems  as  those  of  large-scale 
electromagnetic  scattering.  Two  electro- 
magnetic codes  based  on  different  algo- 
rithms were  converted  to  run  on  the  Mark 
III  Hypercube. 

The  first  code  implements  a  finite-dif- 
ference, time<lomain  solution  of  Maxwell's 
curl  equations.  This  code  can  simulate  the 
propagation  of  an  electromagnetic  wave 
into  a  volume  that  contains  a  dielectric  or 
conducting  object.  The  incident  wave  is 
tracked  as  it  propagates  by  executing  the 
finite-difference  version  of  the  curl  equa- 
tions in  each  cell  in  a  three-dimensional  lat- 
tice in  which  the  scattering  object  is  em- 
bedded. 

The  relative  independence  of  the  finite- 
difference  iteration  in  each  cell  in  the  lat- 
tice enables  a  decomposition  of  the  prob- 
lem over  the  spatial  domain.  The  parallel 
code  uses  the  same  global  lattice  as  that 
constructed  by  the  corresponding  sequen- 
tial code  but  divides  the  lattice  into  blocks 
of  nearly  equal  dimensions.  Neighboring 
blocks  are  assigned  to  nodes  that  are  di- 
rectly connected.  This  decomposition 
scheme  assures  that  each  node  performs 
its  discrete  field  updates  either  with  resi- 
dent information  or  with  information  com- 
municated by  a  node  directly  connected  to 
it. 

The  second  code  is  the  Numerical  Elec- 
tromagnetics Code  (NEC-2),  which  embod- 


ies a  frequency-domain  method  and  was 
developed  to  analyze  the  electromagnetic 
responses  of  antennas  and  other  metallic 
structures.  This  code  uses  integral  equa- 
tions to  compute  the  currents  induced  on  a 
structure  by  sources  or  incident  fields.  It 
combines  an  integral  equation  for  smooth 
surfaces  with  one  specialized  for  wires  to 
provide  for  the  mathematical  modeling  of  a 
wide  range  of  structures.  The  use  of  these 
equations  with  boundary-condition  equa- 
tions on  the  surface  produces  a  general  in- 
tegral equation  in  which  the  unknowns  are 
the  longitudinal  currents  on  segments  of 
wires  and  the  two  perpendicular  compo- 
nents of  the  surface  currents  on  patches. 
These  equations  are  solved  numerically  by 
a  technique  based  on  the  method  of  mo- 
ments. The  solution  requires  the  inversion 
of  a  matrix,  the  size  of  which  increases  with 
the  size  of  the  scattering  object  in  relation 
to  the  wavelength. 

In  the  parallel  implementation,  the  inver- 
sion is  performed  by  a  factorization  of  the 
matrix  into  a  right  triangular  matrix  by  a 
series  of  orthogonal  Householder  transfor- 
mations. Since  the  computations  within 
one  column  of  the  matrix  are  independent 
of  those  in  others,  the  matrix  to  be  factored 
is  distributed  to  the  nodes  of  the  hypercube 
computer  by  columns.  At  each  step  of  the 
transformation,  one  more  column  of  the 
working  matrix  becomes  inactive.  To  as- 
sure optimum  balance  of  the  computation- 
al load,  the  assignment  of  columns  is  per- 
formed in  card-dealing  fashion.  The  newly 
factored  matrix  oven^/rites  the  working  ma- 
trix, thereby  consen/ing  storage  of  data. 


fhe  N  EC  code  was  tested  by  appi  ication 
to  a  quarter-wave  monopole  antenna  on  a 
pedestal  over  a  perfect  ground  repre- 
sented by  130  radial  wires.  The  far  radia- 
tion fields  were  computed  and  compared 
with  those  obtained  from  sequential  com- 
putations and  exact  solutions. 

One  way  to  measu  re  the  performance  is 
to  compare  the  time  required  to  solve  the 
problem  on  one  node  versus  the  time  re- 
quired to  solve  the  same  problem  on  32 
nodes.  A  speedup  factor  is  then  deter- 
mined by  dividing  the  single-node  time  by 
the  32-node  time.  For  the  finite-difference 
code,  speedup  factors  of  up  to  30  have 
been  measured.  The  method-of -moments 
code,  which  requires  more  interprocessor 
communication  because  of  the  manipula- 
tion of  matrix  elements,  exhibited  speedup 
factors  of  up  to  26. 

Another  measure  of  performance  is  the 
comparison  of  the  maximum  size  of  the 
problem  that  can  be  solved  on  the  hyper- 
cube versus  that  on  a  conventional  se- 
quential computer  On  the  VAX  11/750 
computer,  the  largest  finite-difference  lattice 
that  can  run  in  a  typical  user's  dynamic  allo- 
cation of  menrKiry  contains  about  192,000 
unit  cells;  on  the  Mark  III  Hypercube  with 
32  active  nodes,  the  largest  lattice  con- 
tains about  2,048,000  unit  cells. 

This  work  was  done  by  J.E.  Patterson, 
P.C.  Liewer,  R.H.  Calalo,  and  F.  Man- 
shadi  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory.  "Electro- 
magnetic Scattering  Analysis  on  a 
Hypercube  Parallel  Architecture. " 
NPO-17551/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director  Technology  Transfer  Division.  P.O.  Box  8757, 
BWI  Airport.  MD  21240.  (301)  621-0100  Ext  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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NASA's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Pulse  Vector-Excitation  Speech  Encoder 

The  number  of  computations  would  be  reduced  substantially. 


A  proposed  pulse  vector-excitation 
speech  encoder  (PVXC)  would  encode  an- 
alog speech  signals  into  a  digital  represen- 
tation for  transmission  or  storage  at  rates 
below  5  kilobits  per  second.  PVXC  would 
produce  a  high  quality  of  reconstructed 
speech,  but  with  much  less  computation 
than  is  required  by  comparable  speech- 
encoding  systems.  PVXC  has  some  of  the 
characteristics  of  multipulse  linear  predic- 
tive coding  (MPLPC)  and  of  code-excited 
linear  prediction  (CELP). 

In  the  encoder  (see  figure)  the  input 
speech  is  converted  from  sequences  of  40 
samples  to  40-dimensional  vectors  s„,  with 
4  vectors  constituting  a  frame.  Each  s„  is 
preprocessed  by  passage  through  a  per- 
ceptual-weighting filter  W{z)  followed  by 
subtraction  of  the  deterministic  speach 
component  (synthesis  filter  zero  input  re- 
sponse) from  /•„  to  generate  the  random 
speech  component  z^.  Meanwhile,  a  set  of 
N  pulse-like  code  vectors,  c,,  weighted  by 
gains  G  is  passed  througn  a  long-term 
LPC-synthesis  filter  Hfiz)  and  a  short-term 
weighted  LPC-synthesis  filter  Pl^{z)  - 
HJz)W(z)  to  produce  a  set  of  N  weighted 


candidate  synthetic-speech  vectors  z-. 

The  variable  gain  Gy  is  selected  to  mini- 
mize the  mean-square  error  between  z, 
and  z„.  The  perceptual-weighting  filter  W(z) 
shapes  the  spectrum  of  the  error  signal  to 
make  it  similar  to  that  of  s„,  thereby  mask- 
ing some  of  the  distortion  that  would  other- 
wise be  perceived  by  the  listener 

An  exhaustive  search  is  performed  to 
find  the  excitation  vector,  Cj,  that  mini- 
mizes the  Euclidean  distortion  ||§'J2 
(where  d'y  is  the  error  vector)  between  z„ 
and  Zj.  Once  the  optimal  Cy  is  selected,  an 
excitation  index  ("code-book"  index)  that 
identifies  it  is  transmitted  to  the  remote  sta- 
tion, together  with  the  associated  gain.  In 
addition,  the  parameters  of  Hfiz)  and  ^^(z) 
are  transmitted  once  per  input  speech 
frame  (after  every  fourth  s„). 

The  complexity  of  the  search  through 
the  "code  book"  is  reduced  by  the  use  of 
the  random  speech  component  z„.  The 
elimination  of  the  deterministic  component 
enables  the  initial  memory  values  in  Pljiz) 
and  Hf(z)  to  be  set  to  zero  when  synthesiz- 
ing the  Zj  vectors,  without  affecting  the 
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choice  of  the  optimal  c,.  Once  the  optimal 
code  vector  is  determined,  the  filter  memo- 
ry from  the  previous  vector  can  be  updated 
for  use  in  encoding  the  subsequent  vector 
This  filter  representation  reduces  the 
amount  of  computation  further  by  express- 
ing the  speech-synthesis  operation  effi- 
ciently as  a  matrix-vector  product  and 
leads  to  a  centroid  calculation  for  use  in  the 
design  of  optimal  "code  books."  The  selec- 
tion of  an  optimal  code  vector  in  PVXC 
should  require  0.67  million  multiplications 
and  additions  per  second  —  much  fewer 
than  the  440  million  required  in  CELP 

This  work  was  done  by  Grant  Davidson 
and  Men  Gerstio  of  the  University  of 
California  for  NASA's  Jet  Propulsion 
Laboratory. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title 
to  this  invention.  Inquiries  concerning 
rights  for  its  commercial  use  should  be 
addressed  to 

The  Regents  of  the  University 

of  California 

c/o  Office  of  Research  Administration 

University  of  California 

Santa  Barbara,  CA  93106 
Refer  to  NP0-17131/TN. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
tJIgr.  for  JPL:  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 
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The  Vector-Excitation  Speech-Encoding  System  uses  a  mathematical  model  of  the  vocal  tract  In  conjunction  with  a  set  of  excitation  vectors 
and  a  perceptually-based  error  criterion  to  synthesize  natural-sounding  speech. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director.  Technology  Transfer  Division.  P.O.  Box  8757, 
BWI  Airport.  MD  21240:  (301)  621-0100  Ext  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Internal  Correction  of  Errors  in  a  DRAM 

An  error-correcting  Hamming  code  is  built  into  the  circuit. 


A  256  K  dynamic  random-access  mem- 
ory (DRAM)  circuit  incorporates  a  Ham- 
ming error-correcting  code  in  its  layout.  In 
comparison  with  the  use  of  separate  error- 
detecting  and  error-correcting  circuit  chips, 
this  feature  provides  faster  detection  and 
correction  of  errors  at  less  cost  in  amount 
of  equipment,  operating  time,  and  soft- 
ware. The  on-chip  error-correcting  feature 
also  makes  the  new  DRAM  less  suscepti- 
ble to  single-event  upsets  (changes  of  logic 
states  in  memory  cells  caused  by  ionizing 
radiation). 

The  words  of  the  Hamming  code  are 
formed  within  the  chip  and  are  not  external- 
ly addressable.  Each  codeword  contains  8 
data  bits  and  4  check  bits.  As  shown  in 
Figure  1,  the  code  words  are  organized  on 
the  circuit  chip  into  an  expanded  array  of 
512  rows  by  768  columns  of  bits. 

The  code  can  correct  only  one  error  in  a 
code  word,  but  an  incident  high-energy  ion 
can  induce  bit  errors  in  several  adjacent 
memory  cells.  Therefore,  it  is  desirable  to  re- 
duce the  probability  of  multiple  bit  errors  with- 
in each  code  word  by  separating  the  memo- 
ry cells  of  each  word  to  distances  t^eyond 
which  the  charge  tracks  left  by  incident 
ions  are  not  likely  to  spread.  In  this  design, 
the  bits  of  each  code  word  are  stored  at 
positions  four  columns  apart  in  two  rows 
from  two  separate  sections  of  the  array 
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Figure  2.  Eiror-Rejectlon  Ratios  were  measured  and  calculated  as  functions  of  flux  densi- 
ties of  incident  ions.  The  vertical  en-or  bars  represent  the  statistical  errors  in  the  counts  of 
output  errors,  and  the  horizontal  error  bars  represent  fluctuations  of  the  ion-beam  fluxes. 


Figure  1.  The  Data  Bits  on  the  DRAM  Array  are  organized  into  code  words  of  8  data  bits  and  4 
check  bits  each.  The  bits  of  each  word  are  distributed  to  separated  points  in  the  512-by-768 
array  to  decrease  their  vulnerability  to  adjacent  bit  errors  caused  by  incident  energetic  Ions. 


An  important  measure  of  performance 
is  the  error-rejection  ratio,  which  equals 
the  number  of  errors  detected  at  the  output 
pins  divided  by  the  total  number  of  errors 
induced  in  the  memory  cells.  A  lower  ratio 
indicates  greater  immunity  to  errors.  A 
theoretical  analysis  shows  that  this  ratio  is 
directly  proportional  to  the  total  number  of 
bit  errors  that  occur  during  a  data-storage- 
cycle  period  and  inversely  proportional  to 
the  number  of  error-correcting-code  words 
into  which  the  memory  array  is  divided. 
Thus,  the  error-correcting  capability  can 
be  increased  by  breaking  the  circuit  chip 
down  into  a  large  number  of  small  code 
words  (at  the  cost  of  increased  size  and 
complexity)  or  by  increasing  the  frequency 
of  the  data-storage-cycle  clock  to  reduce 
the  time  available  for  the  accumulation  of 
errors  during  each  cycle. 

The  circuit  was  tested  by  exposure  to 
ion  beams  generated  in  a  van  de  Graaff  ac- 
celerator. Because  the  circuit  chip  is  de- 
signed to  indicate  both  each  uncorrected 
bit  error  and  each  error  in  the  output,  it  pro- 
vides the  means  to  measure  its  perform- 
ance with  and  without  the  error-correcting 
capability.  Figure  2  shows  experimental 
error-rejection  ratios  as  functions  of  the 
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fluxes  of  iron  and  carbon  ions.  The  carbon 
ions  were  able  to  upset  only  one  memory 
cell  per  ion-track  event,  as  evidenced  by 
the  error-flag  data-bit  maps.  By  contrast, 
the  heavier  iron  ions  were  able  to  upset  10 
adjacent  memory  cells,  as  also  evidenced 
by  the  error-flag  bit  maps.  Except  at  the  two 
points  labeled  "unstable,"  which  indicate 
the  onset  of  erratic  counts  of  errors  in  the 
output  of  the  device  under  test,  the  overall 
data  are  in  excellent  agreement  with  the 


theory.  If  one  extrapolates  these  data  to 
conditions  under  which  only  1  bit  error  oc- 
curs per  cycle,  one  finds  that  at  an  ion- 
beam  flux  of  less  than  5  particles/(cm2.s) 
there  would  be  no  errors  in  the  output. 

In  general,  the  implementation  of  an  er- 
ror-correction code  on  a  circuit  chip  should 
not  require  any  changes  in  the  fabrication 
processes  or  design  rules.  The  degree  of 
effectiveness  of  on-chip  error  correction  is 
strictly  a  function  of  the  design  and  the  ad- 


ditional area  of  silicon  that  can  be  allotted 
for  the  incorporation  of  the  error-correcting 
logic  circuitry. 

This  work  was  done  by  John  A. 
Zoutendyk,  R.  Kevin  Watson,  and  Harvey 
R.  Schwartz  of  Caltech  and  Leiand  R. 
Nevill  and  Zille  IHasnain  of  Micron 
Technology,  Inc.,  for  NASA's  Jet  Pro- 
pulsion Laboratory. 
NPO-17406/TN 
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Program  for  Local-Area- 
Network  Electronic  Mall 

Computer  workstations 
are  used  as  electronic 
mail  boxes. 

MailRcxim  is  a  computer  program  for 
local-area  network  (t_AN)  electronic  mail.  It 
enables  users  of  a  ITVN  to  exchange  elec- 
tronically notes,  letters,  reminders,  or  any 
sort  of  communication  via  their  computers. 
MailRoom  links  all  users  of  the  LAN  into  a 
communication  circle  in  which  messages 
can  be  created,  sent,  copied,  printed,  down- 
loaded, uploaded,  and  deleted  through  a 
series  of  menu-driven  screens.  MailRoom 
includes  a  feature  that  enables  users  to 
determine  whether  messages  they  have 
sent  have  been  read  by  the  receivers. 

Each  user  must  be  installed  separately 
in  and  removed  from  MailRoom  as  he  or 
she  joins  or  leaves  the  network.  MailRoom 
comes  with  a  program  that  enables  this  to 


be  done  with  minimum  effort  on  the  part  of 
the  administrator  or  manager  of  the  net- 
work. The  program  also  includes  a  portion 
that  enables  the  administrator  or  manager 
to  install  MailRoom  on  each  user's  work- 
station so  that,  on  execution  of  MailRoom, 
the  user's  station  can  be  identified  and  the 
configuration  settings  activated.  The  pro- 
gram creates  its  own  configuration  and 
data/supporting  files  during  the  setup  and 
installation  process. 

The  MailRoom  program  is  written  in  Mi- 
crosoft QuickBasic.  It  was  developed  to 
run  on  networked  IBM  XT/ AT  or  compatible 
computers  and  requires  that  all  participat- 
ing workstations  share  a  common  drive.  It 
has  been  implemented  under  DOS  3.2  and 


has  a  memory  requirement  of  71 K.  Mail- 
Room  was  developed  in  1988. 

This  program  was  written  by  Micliael 
J.  Weiner  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory. 
NPO-17745/TN 

FOR  ADDITIONAL  INFORMATION 

COW  MCI 
COSMIC 

112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30620 
(404)  542-3265 


468 


# 


Electrotechnology 


0469  XPQ/GCOS-8  SYSOUT  Interface  Software— A  slave  user  program  can 
obtain  SYSOUT  records  and  transfer  them  to  a  remote  device. 

0470  Generating  Weighted  Test  Patterns  for  VLSI  Chips— Built-in  self-testing 
circuitry  is  based  on  probabilistic  fault-detection  concepts. 

0471  Memory  Switches  Based  on  MnO(2-x)  Thin  Films — "On"-state 
resistance  is  adjustable,  and  on-to-off  transition  is  irreversible. 
(Licensing  Opportunity) 

0472  Multiple-Trellis-Coded  Modulation — The  theoretical  gain  over  simple 
multiple-phase-shift  keying  is  at  least  2  to  3  decibels.  (Licensing 
Opportunity) 

0473  Performances  of  Fixed-Lag  Phase-Smoothing  Algorithms— Simulated 
performances  differ  from  those  predicted  by  linear  theory. 

0474  Planar  Antennas  on  Thick  Dielectric  Substrates — Features  include  ease 
of  fabrication  and  wide  range  of  operating  frequencies. 

0475  tau  Ranging  Revisited — Very-large-scale  integration  may  give  new  life  to 
an  abandoned  distance-measuring  technique. 

0476  Printed-Circuit  Cross-Slot  Antenna — Coupling  between  the 
perpendicular  slots  is  suppressed.  (Licensing  Opportunity) 

0477  Simplified  Correction  of  Errors  in  Reed-Solomon  Codes — A  new 
decoder  can  be  realized  by  a  simplified  pipeline  architecture.  (Licensing 
Opportunity) 

0478  Using  Bit  Errors  To  Diagnose  Fiber-Optic  Links — Bit-error  rates  are 
related  to  degradation  of  components. 

0479  Synchronization  Technique  for  Reception  of  Coded  Data — The  shortest 
sequence  of  bits  likely  to  be  filled  with  error  bursts  is  examined. 

0480  VLSI  Architecture  for  Viterbi  Decoder— Circuits  of  reasonable  size  can 
process  convolutional  codes  of  large  constraint  lengths.  (Licensing 
Opportunity) 

0481  Weighted  Integrate-and-Dump  Filter — Cost  can  be  decreased  by  use  of 
lower  sampling  and  processing  rates. 


Software 

0482  Estimation  of  Interference  in  Satellite/Ground  Communications — The 
relative  strengths  of  desired  and  interfering  signals  are  computed  for 
known  orbits. 


Testing  &  Instrumentation 

0483     Improved  Digital  AC  Voltage  Source  Developed 


■:•.!'•"■ 


t 


rWVSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Computer 
Software 


XPQ/GCOS-8  SYSOUT 
Interface  Software 

A  slave  user  program  can 
obtain  SYSOUT  records 
and  transfer  them  to 
a  remote  device. 

The  XPQ/GCOS^  SYSOUT  interface  soft- 
ware consists  of  modifications  of  \he 
GCOS-8  operating  system.  It  includes  an 
application  subroutine  that  enables  the 
XPQ  remote-print  software  pacl<age  as 
modified  by  LSOC  to  gain  access  to,  read, 
and  release  data  from  the  GCC&8  system 
output  (SYSOUT)  files.  Specifically  it  con- 
tains a  slave  subroutine  RSYOT,  a  site- 
unique  Master  Mode  Entry  (MME)  proces- 
sor, and  alterations  to  the  GEOT,  I  NIT,  and 
System  Macro  modules  for  GCOS-8  SR3002/ 
3003. 


The  RSYOT  subroutine  enables  a  slave 
user  program  to  obtain  and  transfer 
SYSOUT  records  to  a  remote  device. 
There  is  no  limit  to  the  number  of  SYSOUT 
jobs  that  can  be  in  the  process  of  transfer- 
ring data  simultaneously  but  it  is  the 
responsibility  of  the  slave  program  to  keep 
tracl<  of  the  jobs. 

The  modifications  of  the  operating  sys- 
tem enable  the  RSYOT  subroutine  to  gain 
access  to  the  system  SYSOUT  (BLINK) 
files.  This  implements  all  of  the  privilege 
logic  needed  to  gain  access  to  SYSOUT 


jobs.  System  privileges  are  not  needed  for 
either  the  user's  program  or  this  subrou- 
tine. 

RSYOT  was  written  in  GCOS-8  Assem- 
bler for  execution  on  a  Honeywell  DPS- 
8/70  computer.  The  subroutine  requires 
1 106  36-bit  words  of  memory.  This  program 
was  developed  in  1987. 

This  program  was  written  by  Franklin 
A.  Flotir  of  Honeywell  Federal  Systems, 
Inc.  for  Kennedy  Space  Center. 
KSC-n446/TN 
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Generating  Weighted  Test  Patterns  for  VLSI  Chips 

Built-in  self-testing  circuitry  is  based  on  probabilistic  fault-detection  concepts. 


Improved  built-in  self-testing  circuitry  for 
very-large-scale  integrated  (VLSI)  digital 
circuits  is  based  on  a  version  of  the  weight- 
ed-test-pattern-generation concept,  in 
which  ones  and  zeros  in  pseudorandom 
test  patterns  occur  with  probabilities  that 
are  weighted  to  enhance  the  detection  of 
certain  kinds  of  faults.  In  comparison  with 
previous  built-in  testing  circuitry,  the  im- 
proved circuitry  requires  fewer  test  pat- 
terns and  less  computation  time  and  oc- 
cupies less  area  on  circuit  chips. 

In  the  new  approach,  functional  test  pat- 
terns ordinarily  used  to  verify  designs  are 
also  used  to  derive  the  desired  weights. 
Because  it  is  customary  to  generate  such 
patterns  in  any  event,  this  involves  no  addi- 
tional cost.  It  is  also  necessary  to  simulate 
the  logic  of  the  circuit  to  be  tested  to  ob- 
sen/e  the  outputs  that  should  occur  upon 
application  of  each  functional  test  pattern 
or  set  of  patterns.  It  is  easy  to  relate  the 
switching  activity  in  the  outputs  with  the 
fault-detection  activity  by  use  of  probabilis- 
tic fault-detection  techniques. 

The  steps  of  the  new  approach  are  as 
follows: 

1 .  Generate  a  set  of  functional  test  patterns 
for  the  circuit  to  be  tested. 

2.  Simulate  faults  in  the  circuit  to  be  tested, 
and  record  the  faults  that  are  detectable 
via  changes  in  the  outputs. 

3.  Count  the  frequencies  of  recurrence  of 
ones  and  zeros. 

4.  Correlate  the  number  of  faults  detected 
w\h  the  frequencies  determined  in  step 
3. 

5.  Use  the  signal  probabilities  from  the 
preceding  steps  to  weight  the  pseudoran- 
dom patterns  generated  by  the  linear- 
feedback  shift  register  (which  is  the  part 
of  the  built-in  test  circuit  that  generates 
the  test  patterns). 


• 


This  Four-Bit  Arithmetic-and-Logic  Unit,  the  RCA  CD40181  (or  equivalent),  has  been  used 
widely  to  test  test-pattern-generation  concepts. 


6.  Simulate  faults  to  determine  whether  ad- 
ditional faults  can  be  detected. 
The  new  approach  was  applied  to  a 
commercially-available  combinational  cir- 
cuit (see  figure).  The  result  was  12  weight- 
ed test  patterns  that  detected  all  of  the 


stuck-at-one  and  stuck-at-zero  faults. 

This  work  was  done  by  Fardad  Siavoshi 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

NPO-17514/TN 
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Memory  Switches  Based  on  MnOg-x  Thin  Films 

"On"-state  resistance  is  adjustable,  and  on-to-off  transition  is  irreversible. 


Thin  films  of  Mn02_x  at  intersections 
between  nnetallic  row  and  column  conduc- 
tors can  serve  as  switching  elements  for 
nonvolatile  electronic  memories.  l\/lemory 
elements  made  of  lVln02_x  have  high 
ratios  of  "off"  resistance  to  "on"  resist- 
ance (^10^)  and  high  "on"  resistances 
(typically  ^10^  Q).  The  elements  are  elec- 
trically programmable  and  are  especially 
suitable  for  use  in  associative  electronic 
memories  based  on  neural-network  con- 
cepts. 

Because  many  elements  of  a  neural- 
network  memory  circuit  must  operate  in 
parallel,  the  "on"  resistance  of  each  ele- 
ment must  be  kept  high  to  prevent  exces- 
sive power  dissipation  and  heating.  Previ- 
ously such  circuits  were  made  with  films  of 
amorphous  hydrogenated  silicon,  which 
switches  irreversibly  from  "off"  to  "on" 
and  has  an  imprecise  "on"  resistance.  It 
was  necessary  to  provide  synaptic  ballast 
resistors  of  ^10^  Q  apiece  in  series,  to 
assure  the  desired  "on"  resistance,  and 
this  complicated  the  structure. 

Because  the  new  Mn02_x  switches 
have  preset  "on"  resistances,  no  ballast 
resistors  are  required.  Films  of  MnOj.^ 
can  be  deposited  by  reactive  dc  magne- 
tron sputtering.  The  "on"-state  resistivity  of 
a  film  can  be  tailored  by  controlling  the 
amounts  of  oxygen  and  argon  gases  in  the 
sputtering  chamber  and  the  subsequent 
processing  temperature.  The  film  is  depos- 
ited in  a  low- resistivity  "on"  state.  The  resis- 
tivity continues  to  decrease  as  the  temper- 
ature rises  to  ~300  °C.  After  this  formation 
process,  the  "on"  state  remains  stable.  By 


subsequent  heating  up  to  ~500  °C,  the  re- 
sistivity of  the  film  can  be  increased  to  an 
"off  "-state  value  of  ^10^  Q.cm. 

The  change  from  a  lower  to  higher  resis- 
tivity is  irreversible.  It  is  due  to  the  transfor- 
mation of  conductive  Mn02_)(  to  noncon- 
ductive  Mn203.  The  change  can  be  in- 
duced thermally,  by  applying  an  appropri- 
ate electrical  current  pulse  heating.  This 
feature  makes  it  possible  to  program  mem- 
ory elements  electrically  to  switch  select- 
ed elements  to  the  "off"  state. 

The  resistance-versus-voltage  curve  in 
the  figure  illustrates  the  switching  proper- 
ty of  an  experimental  Mn02_^  synaptic 
switch  that  was  not  heated  after  deposi- 
tion. The  initial  decrease  of  resistance  with 
increasing  voltage  represents  the  forma- 
tion of  the  film  into  the  "on"  state.  The  "on" 
state  remains  stable  up  to  about  20  V, 
beyond  which  the  resistance  increases 
toward  the  "off"  state.  Thereafter,  the 
switch  remains  in  a  high-resistance  "off" 
state,  even  after  the  voltage  pulse  is  re- 
moved. Thus,  if  this  switch  were  used  as  a 
memory  element,  a  datum  represented  by 
the  "off"  state  could  be  written  into  it  by  the 
application  of  a  pulse  of  ~30  V,  and  the 
contents  of  this  memory  element  could  be 
"read"  by  applying  a  potential  of  less  than 
20  V  —  preferably  at  a  safe  level  of  ~5  V. 

This  work  was  done  by  Rajeshuni 
Ramesham,  Anilkumar  P.  Thakoor,  and 
John  Lambe  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title 
to  this  invention.   Inquiries  concerning 
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Multiple-Trellis-Coded  Modulation 

The  theoretical  gain  over  simple  multiple-phase-shift  keying  is  at  least  2  to  3  decibels. 


Ttie  nnultiple-trellis-codecl  modulation 
scheme  combined  with  M-ary  modulation 
has  been  shown  theoretically  to  yield  as- 
ymptotic gains  in  performance  over  that  of 
uncoded  multiple-phase-shift  keying,  while 
employing  symmetric  multiple-phase-shift 
signal  constellations  and  avoiding  code 
catastrophe.  Although  symmetric  signal 
sets  are  optimum  for  uncoded  systems, 
some  previous  attempts  to  improve  per- 
formance with  trellis-coded  modulation 
had  involved  asymmetric  signal  constella- 
tions, with  consequent  increased  sensitivi- 
ty to  phase  jitter  and  a  tendency  toward 
code  catastrophe,  which  is  the  merging  of 
points  in  a  constellation. 

The  scheme  can  be  partly  described  in 
terms  of  a  ra\e-[nk/{n  +  ^)k]  code  (where 
k  =  ^  for  conventional-  and  /c>2  for  multi- 
ple-trellis-coded modulation)  in  a  system 
that  has  a  signal  constellation  (on  the 
phase-angle  diagram)  of  iW  =  2" +^  points. 
During  each  transmission  interval  and  for 
each  trellis  branch,  kn  bits  enter  the  encod- 
er and  k  symbols  (one  for  each  n  +  ^  en- 
coder-output symbols)  leave  the  modula- 
tor The  throughput  rate  is  still  n  bits  per  unit 
time  per  unit  frequency  so  that  the  band- 
width is  no  greater  than  that  of  a  compara- 
ble 2"-point  uncoded  system.  The  com- 
plexity, measured  in  terms  of  the  number  of 
states  in  the  trellis  diagram,  is  the  same 
whether  conventional  or  multiple  trellis 
coding  is  used. 

The  gain  in  performance  depends  on 
the  signal-to-noise  ratio,  the  number  of 
trellis  code  states,  and  the  number  of  mod- 
ulation levels.  One  asymptotic  measure  of 
the  gain  in  performance  is  obtained  by 
comparing  the  minimum  free  Euclidean 
distance  of  the  trellis  code  relative  to  the 
minimum  distance  of  the  uncoded  modula- 
tion. In  certain  cases  when  k>2,  the  free 
Euclidean  distance  increases,  causing  a 
decrease  in  the  bit-error  probability.  The 
figure  illustrates  the  potential  improvement 
in  a  representative  system. 

Multiple-trellis-coded  modulation  is  suit- 
able for  satellite  and  terrestrial-mobile/sat- 
ellite communications  or  other  communi- 
cations that  require  burst-error  correction. 
It  can  be  extended  to  such  higher  dimen- 
sional modulations  as  quadrature  ampli- 
tude modulation.  While  the  required  num- 
ber of  computations  per  branch  is  greater 


Bit  Energy/Noise  Energy  Per  Bit  Period,  dB 


The  Performances  of  Four  Modulation  Schemes  are  compared  in  terms  of  the  upper  bounds 
on  their  bit-error  probabilities.  All  four  involve  quadrature-phase-shift  modulation. 


than  in  conventional  trellis-coded  modula- 
tion, this  may  be  a  small  price  to  pay  for  the 
potentially-achievable  performance  gains, 
which  are  at  least  2  to  3  dB. 

This  work  was  done  by  D.  Divsalar  and 
M.K.  Simon  of  Caltecli  for  NASA's  Jet 
Propulsion  Laboratory. 
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Performances  of  Fixed-Lag 

Phase-Smoothing 

Algorithms 

Simulated  performances 
differ  from  tliose  predicted 
by  linear  theory. 

A  report  discusses  the  performances  of 
fixed-lag  nonlinear  smoothing  algorithms 
applied  to  the  estimation  of  the  phase  and 
frequency  of  a  sinusoidal  carrier  signal 
with  process  phase  noise  and  additive  ob- 
servation phase  noise.  An  algorithm  of  the 
type  considered  functions  as  a  suboptimal 
filter  that  operates  on  the  received  signal. 

The  algorithm  is  developed  for  a  system 
in  which  the  signal  is  sampled  at  discrete 
times.  The  process  noise  is  assumed  to  be 
Gaussian  with  zero  mean  and  to  be  inde- 
pendent of  the  observation  noise.  The  non- 
linear smoothing  equations  are  derived  in 
customary  matrix-and-vector  forms. 

If  the  various  gains  in  the  system  are  rep- 
resented in  the  equations  by  their  steady- 
state  values,  the  smoothing  algorithm  acts 
as  a  digital  phase-locked  loop  followed  by  a 
postloop  correction  to  the  filtered  esti- 
mates of  the  frequency  and  phase.  The 
postloop  correction  can  be  implemented 
equivalently  by  a  finite-impulse-response 
filter 


When  the  phase-locked  loop  operates 
with  a  high  signal-to-noise  ratio,  the  phase 
detector  is  approximately  linear,  and  the 
smoothing  equations  reduce  to  the  linear 
equations  of  an  optimal  smoother  in  an 
equivalent  linear-signal  model.  The  per- 
formance of  such  a  smoother  can  be  pre- 
dicted by  linear  filter  theory. 

The  performances  of  various  smoothing 
algorithms  were  tested  both  theoretically 
and  in  numerical  simulations.  The  perform- 
ance predicted  on  the  basis  of  linear  esti- 
mation theory  conforms  with  the  corre- 
sponding results  of  the  simulation  both 
when  the  phase  detector  is  assumed  linear 
and  when  the  nonlinearity  of  the  phase  de- 
tector is  taken  into  account  and  the  receiv- 
er operates  at  a  high  signal-to-noise  ratio. 
Under  these  conditions  the  smoothing  al- 
gorithm reduces  the  errors  of  estimation  of 
phase  and  frequency  to  about  5.6  dB  be- 
low those  of  an  optimum  phase-locked 
loop. 


As  the  signal-to-noise  ratio  is  reduced, 
the  reduction  in  the  estimation  errors  de- 
creases. The  reduction  is  greater  in  the 
presence  of  both  process  and  observation 
noise  than  in  the  presence  of  observation 
noise  only  Overall,  taking  account  of  the 
degradation  caused  by  the  nonlinearity  in 
the  performance  of  the  filter  in  the  phase- 
locked  loop,  the  carrier-power-to-noise 
spectral  density  required  to  keep  the 
phase-error  variance  within  0.1  is  about  3.5 
dB  lower  w/hen  the  smoothing  algorithm  is 
used.  The  smoothing  algorithm  yields  a 
similar  decrease  in  the  frequency-tracking 
error 

This  work  was  done  by  Rajendra 
Kumar  and  William  J.  Hurd  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 
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Planar  Antennas  on  Thick  Dielectric  Substrates 

Features  include  ease  of  fabrication  and  wide  range  of  operating  frequencies. 


Planar  antennas  on  thick  dielectric  sub- 
strates tnave  been  built  for  use  at  millinneter 
wavelengths.  To  obtain  directional  and  im- 
pedance characteristics  nearly  independ- 
ent of  frequency  from  40  to  400  GHz,  the 
antennas  were  made  in  four-lobe  log-peri- 
odic (see  Figure  1),  two-lobe  log-periodic, 
and  two-arm  log-spiral  configurations. 

Antennas  of  this  general  type  are  quasi- 
optical  structures,  for  which  expensive, 
precisely  machined  waveguides  are  not  re- 
quired. They  can  be  made  easily  by  stand- 
ard photolithography  and  integrated  with 
planar  mixers  or  detectors  to  form  arrays. 
Because  such  an  antenna  radiates  (or  re- 
ceives) mostly  on  the  dielectric  side  of  the 
metal  conductor  it  has  enhanced  directivi- 
ty without  a  back  plane.  One  disadvantage 
of  a  thick  substrate  is  the  excitation  of  un- 
desired  surface  electromagnetic  modes. 
At  the  cost  of  additional  losses  in  the  di- 
electric, these  modes  can  be  suppressed 


^n  +  1 


-  2 


Note:  Feed  points  are  at  the 
four  inner  radii. 


Figure  1.  In  this  Four-Lobed  Log-Periodic 
Circular  Antenna,  the  conductors  cover 
half  the  area  of  the  circle.  Because  the  arc 
lengths  of  the  teeth  are  prescribed  to  be 
quarter  wavelengths,  the  upper  and  lower 
frequency  limits  are  set  by  the  inner  and 
outer  radii,  respectively 
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Figure  2.  Each  Experimental  Planar  Antenna  was  made  of  etched  gold  film  on  a  quartz  sub- 
strate. The  fused-quartz  hemisphere  on  the  opposite  side  of  the  substrate  acted  as  a  dielec- 
tric lens. 


by  the  addition  of  a  hemispherical  dielec- 
tric lens  to  the  side  of  the  dielectric  sub- 
strate opposite  that  of  the  conductors. 

Each  antenna  was  made  by  etching  the 
conductor  patterns  in  a  gold  film  on  a 
quartz  substrate  0.5  in.  (12.7  mm)  square 
and  0.025  in.  (0.635  mm)  thick.  A  fused- 
quartz  hemisphere  0.5  in.  (12.7  mm)  in  di- 
ameter was  mounted  on  the  other  side  of 
the  substrate  (see  Figure  2).  Antenna  pat- 
terns for  each  structure  were  measured  at 
67  GHz  and  205  GHz. 

The  log-spiral  antenna  exhibited  circular 
polarization.  The  two-  and  four-lobed  log- 
periodic  antennas  both  exhibited  the  ex- 
pected independence  of  frequency  and  had 
similar  directional  patterns,  the  major  dif- 


ferences being  in  the  cross-polarization 
levels  ( -  6  dB  for  four-lobed  and  -  25  dB 
for  two-lobed).  This  characteristic  is  en- 
couraging to  designers  because  it  indi- 
cates that  the  directional  pattern  can  be  re- 
tained when  multiple  pairs  of  feed  points 
are  used  to  reduce  the  impedance  at  the 
feed  points.  Such  multiple  feeding  can  also 
be  used  for  simultaneous  operation  in  dif- 
ferent independent  modes  to  produce  a 
variety  of  directional  patterns  —  for  exam- 
ple, for  electronic  steering  of  t)eams. 

This  work  was  done  by  K.A.  Lee  and 
M.A.  Frerking  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory. 
NP0-17466/TN 
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T  Ranging  Revisited 

Very-large-scale  integration 
may  give  new  life  to  an 
abandoned  distance- 
measuring  technique. 

A  report  reviews  tine  history  of  t  ranging 
and  advocates  the  use  of  advanced  elec- 
tronic circuitry  to  revive  this  composite- 
code-uplink  spacecraft-ranging  technique. 
T  ranging  was  abandoned  years  ago  be- 
cause the  necessary  analog  and  digital 
electronic  equipment  then  available  was 
expensive  and  inadequate  to  exploit  the  full 
potential  of  the  code.  It  was  replaced  by  a 
sequential-code-uplink  technique  called  'V 
ranging"  that  requires  less  equipment  to 
exploit  its  full  potential  and  acquires  the  sig- 
nal 16  times  as  fast. 

The  T  planetary  composite  transmitter 
code  was  generated  by  combining  a  clock 
square  wave  with  a  majority-vote  logic  of 
five  pseudonoise  sequences  in  an  exclu- 
sive-OR  fashion.  The  components  had 
durations  of  2,  7, 11, 15, 19,  and  23  symbol 
periods  for  a  total  code  period  of  A/  = 
1,009,470  symbol  periods.  This,  when 
clocked  at  a  symbol  period  f^of  about  1  /iS, 
gave  a  repetition  period  of  about  Is,  yield- 
ing a  two-way  range  ambiguity  inten/al  of 
approximately  150,000  km, 

A  T  receiver  consisted  of  one  or  two 
channels  that  sequentially  correlated  the 


transponded  signal  with  combinations  of 
the  clock  and  each  separate  component, 
sequentially  through  each  successive  sym- 
bol delay  to  determine  the  precise  delay  on 
each  of  the  components.  Because  the 
transmitted  power  was  distributed  among 
the  various  clock  and  pseudonoise  code 
components  but  the  receiver  was  sensitive 
to  only  one  component  at  one  phase  at  a 
time,  acquisition  time  was  longer  by  about 
a  factor  of  16  than  if  the  receiver  could 
have  processed  all  the  received  power 
during  the  acquisition  time.  In  contrast,  the 
M  system  used  all  the  transponded  power 
for  each  component  during  the  acquisition 
time. 

The  reason  for  using  only  a  few  correla- 
tors in  each  ^/-ranging  receiver  until  now 
has  been  that  each  correlator  channel 
consisted  of  relatively-expensive  analog 
and  unit-logic  digital  equipment.  However, 
with  the  advent  of  reasonably-high-speed 
analog-to-digital  devices  and  very-large- 
scale  integrated  digital  devices,  it  is  now 
economically  feasible  to  make  a  t  receiver 
that  has  the  number  of  correlators  needed 
to  detect  each  component  of  the  code  at 


each  symbol  delay  (It  still  may  be  impracti- 
cal to  build  a  full  matched  filter  for  the  over- 
all transmitted  code.) 

To  exploit  the  capabilities  of  this  modern 
circuitry,  the  author  proposes  a  new  t  code 
(denoted  "vr")  that  uses  a  new  combining 
logic  for  the  transmitter  code  and  a  77-cor- 
relator  receiver.  The  performance  of  the  vt 
system  is  analyzed  theoretically  The  analy- 
sis shows  that  the  performance  of  the  vt 
method  is  only  about  0.25  dB  below  that  of 
a  matched  filter  for  the  optimal  transmitter 
code.  As  the  /i  system  is  now  configured, 
about  half  of  the  range-measurement  time 
is  spent  in  correlating  with  the  component 
of  highest  frequency  (the  clock),  the  other 
half  being  spent  determining  the  range 
cells  of  the  components  of  the  lower  fre- 
quency The  VT  system  thus  outperforms 
the  M  code  by  some  2.5  dB  in  sigial-to- 
noise  ratio. 

This  work  was  done  by  Robert  C. 
Tausworthe  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory.  "Tau  Ranging 
Revisited." 
NPO-17413/TN 
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Printed-Circuit  Cross-Slot  Antenna 

Coupling  between  the  perpendicular  slots  is  suppressed. 


A  balanced  feed  configuration  mini- 
mizes ttie  coupling  l^etween  ttne  slots  of 
a  printed-circuit  cross-slot  antenna  unit. 
Units  of  ttiis  type  could  be  elements  of 
ptnased-array  antennas  for  radar,  mobile/ 
satellite  communications,  and  other  appli- 
cations ttnat  require  flush  mounting  and/or 
rapid  steering  of  beams  with  circular  polar- 
ization. 

In  most  respects,  the  unit  and  array 
have  a  conventional  cavity-backed-print- 
ed-circuit,  crossed-slot  antenna  design. 
The  novelty  lies  in  the  type  of  symmetry 
and  phasing  of  the  strip-line  feeders. The  fig- 
ure shows,  partly  schematically  the  feed 
configuration  for  one  of  the  slots.  A  strip- 
line  feeder  below  the  plane  of  the  slotted 
conductive  antenna  element  brings  power 
from  a  power-divider/phase-shifter  to  the 
left  member  of  the  horizontal  slot  at  point  a, 
where  the  relative  phase  is  0°.  A  similar 
strip-line  feeder  brings  power  to  the  right 
member  of  the  slot  at  point  b;  the  power-di- 
vider/phase-shifter is  configured  so  that 
position  b  is  fed  180°  out  of  phase  with  po- 
sition a. 

In  the  figure,  the  pattern  of  arrows  indi- 
cates the  electric  field  resulting  from  this 
feed  configuration.  As  they  show,  the  sig- 
nals propagating  around  the  corners  at  the 
intersection  into  the  vertical  slot  from  the 
two  feed  points  cancel  each  other  because 
they  are  of  opposite  phase.  The  vertical 
slot  IS  fed  by  similarly  configured  strip  lines 
to  yield  phases  of  90°  and  270°  at  points  c 
and  d.  respectively  In  this  case,  the  180° 
difference  in  phase  between  these  two 
feed  points  results  in  the  cancellation  of 
signals  propagating  around  the  corners  in- 
to the  horizontal  slot.  Overall,  the  90°  in- 
crements of  phase  at  sequential  feed 
points  around  the  center  result  in  circularly 
polarized  radiation. 

The  power-divider/phase-shifter  in- 
cludes a  network  of  strip  lines  below  the 
plane  of  the  slotted  conductive  antenna 
element.  The  ground  plane  and  the  con- 
ductive antenna  element  are  two  bound- 
aries of  the  antenna  waveguide  cavity.  The 
edges  of  the  square  antenna  unit  and  the 
other  four  boundaries  are  defined  by 
fences  of  plated  through-holes,  screws,  or 
pins  that  electrically  connect  the  conduc- 
tive antenna  element  with  the  ground 
plane. 
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Strip-Line  Feeders  behind  the  planar  conductive  antenna  element  deliver  power  to  the 
horizontal  slot  at  points  a  and  b  in  opposite  phase.  As  a  result,  little  or  no  power  propagates 
into  the  vertical  slot.  Similar  considerations  apply  to  the  strip  lines  (not  shown)  that  feed  the 
vertical  slot  at  points  c  and  d. 
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Simplified  Correction  of  Errors  in  Reed-Solomon  Codes 

A  new  decoder  can  be  realized  by  a  simplified  pipeline  architecture. 


A  simplified  procedure  for  the  correc- 
tion of  errors  and  erasures  in  Reed- 
Solomon  codes  is  expected  to  result  in 
simpler  decoding  equipment.  This  devel- 
opment should  widen  the  commercial  ap- 
plicability of  Reed-Solomon  codes,  which 
can  be  used  to  correct  bursts  of  errors  in 
digital  communication  and  recording  sys- 
tems. 

Heretofore,  it  was  well  known  that  the 
Euclidean  algorithm  or  the  continued-frac- 
tion algorithm  could  be  used  to  find  the 
error-locator  and  error-evaluator  polyno- 
mials to  correct  both  errors  and  erasures. 
Figure  1  is  a  block  diagram  of  a  decoder 
according  to  a  prior  algorithm  in  which  the 
continued-fraction  algorithm  is  used  to  find 
the  errata-locator  polynomial  by  replacing 
its  initial  condition  by  the  erasure-locator 
polynomial.  The  disadvantage  of  this  algo- 
rithm is  that  after  the  errata-locator  poly- 
nomial tix)  is  obtained  by  continued  frac- 
tions, a  polynomial  multiplication  is  still 
needed  to  compute  the  errata-evaluator 
polynomial  A{x)  =  [S(x)t(x)j  from  the 
known  errata-locator  polynomial  and  the 
syndrome  polynomial  S(x),  where  [xj  de- 
notes the  principal  part  of  x. 

The  new  algorithm  is  a  modified  version 
of  the  previous  algorithm.  Here  the  initial 
condition  of  the  Euclidean  algorithm  is  re- 
placed by  the  erasure^ocator  and  Forney 
syndrome  polynomials.  This  makes  it  pos- 


sible to  obtain  the  errata-locator  and  erra- 
ta-evaluator polynomials  simultaneously 
and  simply  by  the  Euclidean  algorithm  only; 
that  is,  a  separate  computation  of  the 
errata-evaluator  polynomial  is  unneces- 
sary. 

Figure  2  is  a  block  diagram  of  the  pipe- 
line architecture  of  a  decoder  according  to 
the  new  algorithm  for  a  (255,223)  Reed- 
Solomon  code  over  GF(2S). 

The  syndrome-computation  unit  ac- 
cepts received  messages  and  computes 
their  syndromes.  The  coefficients  of  the 
syndrome  polynomial  S(x)  are  fed  in  paral- 
lel to  the  polynomial-expansion  unit  to  com- 
pute the  Forney  syndromes. 

The  power-calculation  unit  converts  the 
received  Ts  and  O's  into  a  sequence  of  a'^'s 
and  O's,  where  a  is  a  primitive  element  of 
the  finite  field  [in  this  case,  GF(2^)]  over 
which  the  Reed-Solomon  code  is  defined. 
These  received  Ts  and  O's  indicate  the  oc- 
currence or  nonoccurrence,  respectively, 
of  erasures  at  specific  locations. 

A  circuit  for  detection  of  erasures  is  in- 
cluded in  the  power-calculation  unit.  If  an 
erasure  occurs  at  the  /c'th  location,  a  sym- 
bol a^  is  calculated  by  the  power-calcula- 
tion unit  and  latched.  The  sequence  of  cr^s 
is  fed  to  the  polynomial-expansion  circuit, 
to  the  power-expansion  unit,  and  to  the 
L(c/  +  v-3)/2j  generator 

The  power-expansion  unit  converts  the 


a'^'s  into  an  erasure-locator  polynomial 
A(x),  which  is  fed  to  the  modified  greatest- 
common-divisor  (GCD)  unit  as  one  of  its  ini- 
tial conditions. 

A  generator  is  used  to  compute  \^  + 
V  -  3)/2J ,  where  v  is  the  number  of  era- 
sures and  d  =  1  +  the  number  of  parity 
symbols.  The  output  is  sent  to  the  modified 
GCD  unit  and  used  as  a  stop  indicator  for 
Euclid's  algorithm.  The  polynomial-expan- 
sion unit  is  used  to  compute  the  required 
Forney  syndromes.  The  Forney  syndrome 
polynomial  r(x)  is  fed  to  the  modified  GCD 
unit.  The  outputs  of  the  modified  GCD  unit 
are  the  errata-locator  polynomial,  -rfx),  and 
the  errata-evaluator  polynomial,  A{x).  The 
error-correcting  capability  of  the  code  is 
L(32-v)/2j. 

The  errata-locator  polynomial  -^x)  is  fed 
to  a  Chien-search  unit  and  to  another  unit 
for  computation  of 

[x''-1t'(x)]-i  =  [x"1t'(x)]-i 
v\/heret»  =  112.  The  errata-evaluator  poly- 
nomial A(/)  is  fed  to  the  polynomial-evalua- 
tion unit.  The  [(x^^V'(x)]~''  unit  computes 
one  part  of  the  errata  magnitude.  The  prod- 
uct of  the  outputs  from  the  polynomial- 
evaluation  unit  and  the  [(x^^V'(x)]~''  unit 
forms  the  errata  magnitude. 

The  Chien-search  unit  is  used  to  search 
for  both  the  error  and  erasure  locations. 
The  architecture  of  the  Chien-search  unit  is 
similar  to  that  of  a  polynomial-evaluation 
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Figure  1.  This  Pipeline  Architecture  of  a  Time-Domain  Decoder  for  a  (255,223)  Reed-Solomon  code  Is  based  on  a  prior  algorithm. 
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Figure  2.  The  Improved  Decoder,  based  on  the  new  algorithm,  is  less  connplex.  In  general,  decoders  according  to  the  new  algorithm  can  be 
made  more  regular,  simple,  and  suitable  for  implementation  in  both  VLSI  and  software. 


unit,  except  that  there  is  a  zero  detector  at 
the  end  in  the  Chien-search  unit. 

In  comparison  with  the  architecture  il- 
lustrated in  Figure  1,  this  innproved  ar- 
chitecture does  not  require  the  polynomial 
multiplication  unit,  delay  II,  delay  III,  and 


the  truncation  circuit.  Thus,  this  new  de- 
coding algorithm  is  simpler  and  more  suit- 
able for  implementation  in  very-large-scale 
integrated  (VLSI)  circuitry. 

This  work  was  done  by  T.K.  Truong 
and  I.S.  Hsu  of  Caltech,  VJ.L.  Eastman 


of  the  Mitre  Corp.,  and  I.S.  Reed  of  the 
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NASA's  Jet  Propulsion  Laboratory. 
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Using  Bit  Errors  To  Diagnose  Fiber-Optic  Links 

Bit-error  rates  are  related  to  degradation  of  components. 


A  technique  for  the  diagnosis  of  a  fiber- 
optic digital  connmunication  linl<  in  a  local- 
area  network  of  computers  is  based  on  the 
measurement  of  bit-error  rates.  The  tech- 
nique is  similar  to  that  used  to  detect 
changes  in  the  performances  of  telephone 
modems  and  transmission  media.  Tfie  ob- 
jective is  to  measu  re  the  deg  radation  of  the 
transmitter,  receiver,  optical  fiber,  connect- 
ors, and  other  equipment  so  that  compo- 
nents can  be  replaced  before  they  fail. 

A  variable  optical  attenuator  is  inserted 
in  the  optical  fiber  near  the  receiver  (see 
Figure  1).  Using  the  protocol  of  the  local- 
area  network,  pseudorandom  sequences 
of  zeros  and  ones  are  transmitted  as  pack- 
ets of  data.  The  sequences  put  out  by  the 
receiver  are  compared  with  the  known 
transmitted  sequences  to  determine  the 
bit-error  rates. 

For  an  optimal  decision  stage  (the  part 
of  the  receiver  that  decides  whether  a  re- 
ceived bit  is  a  zero  or  a  one),  the  bit-error 
rate  and  the  signal-to-noise  ratio  of  the  out- 
put of  the  receiving  photodetector  are 
known  functions  of  each  other  (see  Figure 
2).  As  the  total  amount  of  optical  attenua- 
tion along  the  transmission  path  increases, 
the  signal-to-noise  ratio  in  the  receiver  de- 
creases and  the  bit-error  rate  increases. 
The  optical  attenuator  is  adjusted  to  obtain 
the  desired  bit-error  rate,  which  is  typically 
between  10  ~'*  and  10  ~^.  From  this  bit- 
error  rate,  the  signal-to-noise  ratio  and, 
therefore,  the  effective  peak  SK^nal  power 
at  the  receiver  are  deduced. 

The  relationship  between  the  transmit- 
ted and  received  powers  and  the  optical  at- 
tenuation at  the  desired  bit-error  rate  is 
given  by 


xmir 


'  'rcvr        °'link  "*"  °' insert 


where  P^^,^  is  the  peak  signal  (in  decibels) 
inserted  in  the  link  by  the  transmitter,  P^cw '^ 
that  calculated  peak  signal  power  (in 
decibels)  in  the  receiver  required  to  pro- 
duce the  desired  bit-error  rate,  Cinsen  '^  ^*^® 
known  attenuation  (in  decibels)  in  the 
variable  attenuator  that  produces  the  de- 
sired bit-error  rate,  and  a,,^^  is  the  attenua- 
tion (in  decibels)  in  the  optical  fitjers,  con- 
nectors, and  any  other  components  of  the 
link.  Because  a,nse/t'S  known,  this  equation 
can  be  used  to  analyze  the  degradation  of 
performance  caused  by  a  decrease  in 
transmitted  or  received  power  and/or  an  in- 
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Figure  1.  The  Variable  Optical  Attenuator  is  inserted  in  the  optical  fiber  to  vary  the  pov^^er  of 
the  received  signal. 
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Figure  2.  The  Bit-Error  Rate  depends  on  the  ratio  of  peak  signal  power  to  root-mean-square 
noise  in  the  receiver,  Foroptimunn  measurements,  one  selects  a  bit-error  rate  between  10"^ 
and  10"'*.  Greater  rates  result  in  low  accuracy  in  the  determination  of  signal-to-nolse  ratios, 

while  lesser  rates  require  impractically  long  measurement  times. 
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crease  in  attenuation  in  the  link.  If,  in  addi-  tion  of  the  receiver  by  comparison  of  the  This  work  was  done  by  LA.  Bergman,  \ 

tion,  one  nneasures  the  optical  power  at  the  actual  received  power  with  the  effective  R.  Hartmayer,  and  S.  Marelid  of  Caltech 

transmitting  and  receiving  ends  of  the  op-  value  of  P^^^^\ha\  corresponds  to  the  meas-  for  NASA's  Jet  Propulsion  Laboratory. 

tical  fiber,  one  can  determine  P^^^^^and  o^^^  ured  bit-error  rate.  NPO- 1 7433/TN 
directly,  enabling  the  analysis  of  degrada- 


FOR  ADDITIONAL  INFORMATION;  Contact:  Director,  Technology  Transfer  Division.  PO.  Box  8757, 
BWI  Airport,  MD  21240:  (301)  621-0100  Ext  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


IWNSATech  Brief 

National  Aeronaulicsand 
Space  Administration 

NASA's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Synchronization  Technique  for  Reception  of  Coded  Data 

The  shortest  sequence  of  bits  likely  to  be  filled  with  error  bursts  is  examined. 


An  algorithm  improves  the  synchroniza- 
tion of  frames  of  noisy  binary-coded  data 
signals  after  Viterbi  decoding  (recovery 
from  the  "inner"  convolutional  code  used 
in  the  transmission  channel)  and  before 
Reed-Solomon  or  other  decoding  (recov- 
ery from  the  "outer"  error-correcting  block 
code)  (see  Figure  1).  Like  another  syn- 
chronizing algorithm  in  common  use,  this 
one  is  based  on  comparisons  of  sequen- 
ces of  correct  and  erroneous  Viterbi-de- 
coded  received  bits  with  a  known  marker 
sequence  that  denotes  the  beginning  of  a 
frame  of  data.  Unlike  the  other  algorithm, 
this  one  does  not  require  a  count  of  the 
number  of  bits  in  the  received  sequence 
that  disagree  with  corresponding  bits  in  the 
marker  sequence. 

Each  frame  of  the  block  code  contains 
N  (typically,  about  10,080)  bits,  of  which  the 
first  /(•  (typically,  about  32)  bits  constitute  the 
marker  For  proper  decoding,  it  is  neces- 
sary to  identify  the  marker  which  could  be, 
for  example,  a  sequence  of  k  zeros.  Be- 
cause noise  in  the  transmission  channel 
can  change  some  of  the  bits,  the  problem 
is  to  identify  a  received  sequence  of  cor- 
rect plus  erroneous  bits  that  are  likely  to 
represent  the  marker  To  do  this,  the  algo- 
rithm specifies  the  following: 

1 .  Choose  a  positive  integer  T  (the  thresh- 
old). 

2.  Examine  the  k  consecutive  received  bits 
starting  with  the  ath  bit.  Note  those  bits 
that  disagree  with  the  corresponding  bits 
in  the  marker  sequence. 
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Figure  1.  The  Synchronizing  Algorithm  operates  on  the  stream  of  Viterbi-decoded  bits  to 
synchronize  the  frannes  of  data  for  proper  decoding. 


3.  If  the  distance  6  (that  is,  the  number  of 
bits)  between  the  first  and  last  bits  that 
disagree  with  the  marker  is  greater  than 
T;  then  reject  a  as  the  beginning  of  a 
marker;  othen/vise,  retain  a  as  a  candi- 
date for  the  beginning  of  a  marker 

4.  If  a  remains  a  candidate,  then  perform  a 
similar  examination  of  the  k  bits  starting 
with  the  a  +  Nth  bit.  If  6>T  for  this  se- 
quence, then  reject  a  or  A/  +  o  as  the  be- 
ginning of  a  marker  and  start  anew  at 
a  +  1. 

5.  If  64:7  in  step  4,  then  repeat  the  proce- 
dure starting  at  a  -f  2/V,  a  +  3/V, . . . .  If  d  ex- 
ceeds T  in  three  consecutive  trials,  then 
reject  a  as  the  beginning  of  a  marker  and 
start  again  at  a  -i- 1 . 

This  algorithm  succeeds  because  of  a 
statistical  property  of  Viterbi-decoded  se- 
quences: Errors  tend  to  occur  in  bursts. 


Thus,  when  the  marker  is  identified  cor- 
rectly, the  bits  that  disagree  with  the 
marker  tend  to  occur  in  proximity  to  each 
other  and  it  therefore  usually  suffices  to 
identify  the  beginnings  and  ends  of  the  se- 
quences of  erroneous  bits. 

The  performance  of  the  algorithm  was 
estimated  probabilistically  using  various 
signal-to-noise  ratios,  an  assumed  statisti- 
cal distribution  of  burst  errors,  and  values 
of  T  from  1  to  21.  In  comparison  with  the 
previous  method,  this  algorithm  proved 
significantly  more  reliable  and  efficient  in 
the  detection  of  the  marker  (see  Figure  2). 

This  work  was  done  by  Mehrdad  M. 
Shahshahani    and    Laif    Swanson    of 
Caltech   for  NASA's   Jet   Propulsion 
Laboratory, 
NPO-17037/TN 
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bility of  false  detection  of  the  marker. 
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VLSI  Architecture  for  Viterbi  Decoder 

Circuits  of  reasonable  size  can  process  convolutional  codes  of  large  constraint  lengths. 


A  "pipeline"  architecture  lias  been  de- 
veloped for  very-large-scale  integrated 
(VLSI)  Viterbi  decoding  circuits  for  binary 
convolutional  codes  of  large  constraint 
lengths.  In  this  scheme,  a  single  sequential 
processor  computes  the  path  metrics  in 
the  trellis  diagram  (the  diagram  in  which 
the  paths  and  nodes  represent  the  possible 
sequences  of  code  states  and  in  which  the 
metrics  indicate  the  relative  likelihoods  of 
the  sequences).  The  systolic-array  method 
is  used  to  store  the  path  information  as  well 
as  to  choose  the  path  with  the  best  metric. 

The  basic  Viterbi  decoding  algorithm 
processes  the  received  message  in  an 
iterative  manner.  At  each  step,  it  compares 
the  metrics  of  all  paths  entering  each  de- 
coder state  and  stores  the  path  with  the 
largest  metric  (the  "survivor"  path),  along 
with  its  metric.  The  number  of  possible  de- 
coder states  and,  consequently  the  com- 
plexity of  a  conventional  decoding  circuit 
increase  exponentially  with  K,  the  con- 
straint length  of  the  code.  For  example, 
with /<  =  14,  the  number  of  states  is  2'^"''  - 
2''3  =  8,192:  This  is  too  large  for  implemen- 
tation on  a  single  VLSI  circuit  chip,  and 
heretofore,  the  practical  limitation  on  the 
number  of  input/output  pins  on  a  chip  has 
made  it  difficult  to  partition  a  decoder  into 
multiple  chips. 

The  new  decoder  architecture  executes 
a  modified  Viterbi  algorithm  in  which  the 
path  memory  of  the  decoder  is  truncated 
and  the  message  is,  in  effect,  decoded  in 
pieces  5K  long,  rather  than  as  a  whole.  The 
decoding  functions  are  performed  by  a 
data-rearrangement  unit,  a  metric-compu- 
tation-and-path-decision  unit,  a  data-multi- 
plexing unit,  and  a  data-storage-and-path- 
selection  unit  (see  figure). 

The  data-rearrangement  unit  contains 
shift  registers  of  length  2'^"2  jhig  ypit 
changes  the  sequences  and  correspond- 
ingly rearranges  the  partial  path  metrics  of 
data  fed  back  serially  from  the  data-multi- 
plexing unit.  The  shift-register  cycle  is  n 
times  as  fast  as  the  master-clock  cycle  of 
the  system  (where  n  is  the  number  of  code 
bits  needed  to  transmit  1  uncoded  informa- 
tion bit). 

The  metric-computation-and-path-deci- 
sion  unit  computes  the  new  partial  metrics 
of  all  the  paths  entering  a  state  by  adding 
the  computed  branch  metrics  entering  that 
state  to  the  metric  of  the  connecting  sur- 
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This  VLSI  Vlterbl-Decoder  Architecture  is  a  compromise  between  speed  and  complexity.  The 
size  of  the  decoding  circuit  increases  approximately  linearly  with  the  constraint  length  of 
the  code,  and  additional  circuit  chips  can  be  added  with  moderate  numbers  of  interconnec- 
tions. 


vivor  at  the  preceding  time  unit.  The  partial 
path  metrics  of  all  paths  entering  each 
state  are  compared,  and  the  survivor  and 
its  metrics  are  selected  while  other  paths 
and  metrics  are  eliminated. 

The  data-multiplexing  unit  changes  the 
n  parallel  outputs  of  the  metric-computa- 
tion-and-path-decision  unit  to  sequential 
order.  This  can  be  done  by  use  of  a  switch 
operating  n  times  as  fast  as  the  master 
clock  so  that  the  two  output  data  from  the 
metric-computation-and-path-decisionunit 
can  be  sampled  adequately 

The  data-storage-and-path-selection 
unit  stores  both  the  surviving  paths  and  the 
estimated  information  bits.  The  decoding 
decision  is  made  after  5K  periods.  The  in- 
formation bits  stored  in  the  data-storage 
subunit  are  then  read  out  sequentially, 
yielding  the  most-likely  estimated  informa- 
tion contained  in  the  received  coded  mes- 
sage. 

The  new  decoder  architecture  is  an  en- 
gineering compromise  between  complexi- 
ty and  computing  speed.  In  the  new  ar- 
chitecture, the  complexity  increases  only 
linearly  with  K,  and  consequently  a  moder- 
ate-constraint-length decoder  can  be  built 
on  a  single  VLSI  circuit  chip  by  current  fab- 
rication techniques.  Where  K  is  too  large 
for  a  single-chip  implementation,  the  new 


architectu  re  makes  it  possible  to  partition  a 
Viterbi  decoder  with  relative  ease  into  sev- 
eral chips  with  a  moderate  number  of  inter- 
connections. 

This  work  was  done  by  In-Shek  Hsu  and 
Tneu-Kie  Truong  of  Caltech  and  I  S.  Reed 
and  J.  Sun  of  tfie  University  of  Southern 
California  for  NASA's  Jet  Propulsion 
Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA  Resident  Office- 
JPL  Refer  to  NPO-17310/TN. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F-  l\AcCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 


Technology  Utilization 
Mgr.  for  JPL:  Norman 
L.  Chalfin 
Mail  Slop  156-211 
4800  Oak  Grove  Drive 
Pasadena.  CA  91109 
(818)  354-2240 
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Weighted  Integrate-and-Dump  Filter 

Cost  can  be  decreased  by  use  of  lower  sampling  and  processing  rates. 


A  digital  weighted  integrate-and-dump 
filter  (WIDF)  tias  been  proposed  for  the 
detection  of  weak  rectangular- pulse  sig- 
nals corrupted  by  additive  white  Gaussian 
noise.  In  the  unweighted  IDF  described  in 
the  preceding  article,  the  signal-to-noise 


are  EiyiYi]  (/  =  1  to  N);  E[  ]  is  the  expecta- 
tion operator;  and  R^  is  a  cross-correla- 
tion column  vector,  the  elements  of  which 
are  E[y,\]. 

Tfie  case  N  =  4  was  chosen  as  a  numer- 
ical example,  and  the  l^  were  calculated 
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Notes:  1.  tq      =  time  of  propagation  from 
transmitter  to  receiver. 

2.  T        =  symbol  period. 

3.  Tg      =  sampling  period. 

4.  Ti       =  sampling  offset. 

5.  r(t)     =  received  signal  modulation. 


6.  y(t)     =  preflltered  signal  modulation. 

7.  t        =  time. 

8.  i  and  k  are  integers. 

9.  A|<  =  the  sampled  output  of 
the  WIDF  from  the  kth 
integration  period. 


Figure  1.  Samples  of  the  Preflltered  Signal  are  multiplied  by  weighting  factors  before  addi- 
a^^n  to  the  integral. 


for  various  sampling  offsets  ranging  from  0 
to  the  sampling  period  ^  in  increments  of 
0.05  7^.  The  signal-to-noise  ratios  of  the 
Wl  DF  at  these  offsets  were  compared  with 
those  of  an  unweighted  IDF  and  an  ideal 
analog  IDF  in  the  reception  of  a  random 
binary  signal  (see  Figure  2).  The  worst- 
case  losses  (of  signal-to-noise  ratio  below 
that  of  the  ideal  analog  version)  averaged 
over  the  data  patterns  were  1.26  dB  in  the 
unweighted  version  but  only  0.68  dB  in  the 
weighted  version. 

Viewing  the  results  of  the  numerical  sim- 
ulation in  another  way  the  signal-to-noise 
ratio  of  an  unweighted  digital  IDF  varies  1 
dB  over  the  range  of  offsets,  while  that  of 
the  WIDF  varies  only  0.3  dB.  In  compari- 
son with  a  system  in  which  the  samples  are 
locked  in  phase  to  the  symbol  clock,  a 
WIDF  with  offset  sampling  suffers  a  worst- 


ratio  is  decreased  by  approximating  the 
ideal  analog  implementation  with  a  digital 
implementation  that  otherwise  has  practi- 
cal advantages.  The  weighting  feature  is 
added  to  reduce  the  adverse  effect  of  the 
approximation. 

In  the  WIDF  the  received  signal  is  first 
low-pass  preflltered,  and  samples  are 
taken  at  a  multiple  of  the  symbol  frequency, 
as  described  in  the  preceding  article.  In 
this  case,  however,  each  sample  y,  is  multi- 
plied by  a  weighting  factor  W^  before  it  is  ad- 
ded into  the  sum  A^^  that  approximates  the 
integral  of  the  /cth  integration  period  (see 
Figure  1).  The  problem  is  to  find  the  set  of 
Wj  that  minimizes  the  mean-square  differ- 
ence between  A^  and  the  exact  integral  A^ 
that  would  be  obtained  from  an  ideal  ana- 
log IDR 

It  can  be  shown  theoretically  that  un- 
der suitable  assumptions,  the  optimum 
weights  W^  are  given  by  the  matrix. vector 
equation 


w  =  R       R 

yy 


yA 


where  w  -  the  column  vector  of  the  W^ 

(/  =  1  to  N);  N  is  the  number  of  samples  in 

an  integration  period;  R    \sanNxN auto- 

»rrelation  matrix,  the  elements  of  which 
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Figure  2.  Weighting  Improves  the  Performance  of  an  IDF  in  this  example,  in  which  a  random 
binary  signal  is  sampled  four  times  during  each  symbol  period. 
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case  offset  loss  of  less  than  0,3  dB  and  an 
average  loss  of  less  than  0.15  dB. 

This  innproved  performance  means  that 
lower  sampling  and  processing  rates  can 
be  used  for  a  given  symbol  rate,  reducing 


the  cost  of  the  system.  Alternatively,  a  higher 
symbol  rate  can  be  used  at  a  given  band- 
width and  sampling  rate.  An  unweighted 
IDF  would  require  approximately  twice  the 
bandwidth  and  twice  the  sampling  rate  for 


the  same  performance. 

This  work  was  done  by  Ramin  Sadr  of     { 
Caltech   for   NASA's   Jet   Propulsion 
Laboratory. 

NPO-17423/TN 
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Estimation  of  Interference 
in  Satellite/Ground 
Communications 

The  relative  strengths  of 
desired  and  interfering 
signals  are  computed  for 
known  orbits. 

In  the  late  seventies,  the  number  of 
comnnunication  satellites  in  service  in- 
creased, and  interference  has  become  an 
increasingly  important  consideration  in 
designing  satellite/ground-station  com- 
munication systems.  The  Satellite  Inter- 
ference Analysis  and  Simulation  Using 
Personal  Computers  (AKSATINT)  comput- 
er program  calculates  the  interference 
experienced  by  a  generic  satellite  com- 
munications receiving  station  from  an  in- 
terfering satellite. 

Both  the  desired  and  the  interfering 
satellites  are  considered  to  be  in  elliptical 
orbits.  The  simulation  contains  computa- 
tion of  the  orbital  positions  of  both  satellites 
by  use  of  classical  orbital  elements,  calcu- 
lation of  the  look  angles  of  the  satellite 
antennas  for  both  satellites  and  the  eleva- 


tion angles  at  the  desired-satellite  ground- 
station  antenna,  and  computation  of  the 
Doppler  effect  caused  by  motions  of  the 
satellites  and  the  rotation  of  the  Earth. 
AKSATINT  also  computes  the  interfer- 
ence-to-signal-power ratio,  taking  into  ac- 
count losses  suffered  by  the  links. 

After  computing  the  interference-to-sig- 
nal-power ratio,  the  program  computes  the 
statistical  quantities.  The  statistical  formu- 
lation of  the  interference  effect  is  present- 
ed in  the  form  of  a  histogram  of  the  interfer- 
ence-to-desired-signal-power ratio.  The 
program  includes  a  flow  chart,  a  sample 
run,  and  results  of  that  run.  AKSATINT  is 
expected  to  be  of  general  use  to  designers 
of  systems  and  managers  of  frequencies  in 
selecting  the  proper  frequencies  under  in- 
terference scenarios. 


The  AKSATINT  program  is  written  in 
BASIC.  It  was  designed  to  operate  on  the 
IBM  Personal  Computer  AT  or  compatibles 
and  has  been  implemented  under  MS  DOS 
3.2.  AKSATINT  was  developed  in  1987. 

This  program  was  written  by  Anil  V. 
Kantak  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory. 
NPO-17500/TN 

FOR  ADDITIONAL  INFORMATION 

CONTACT: 
COSMIC^ 

112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30620 
(404)  542-3265 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 

Improved  Digital  AC  Voltage  Source  Developed 


NIST  researchers  have  developed  an  instrument  that  provides  a  portable  digitally 
synthesized  ac  voltage  source  with  many  potential  applications,  including  the 
calibration  of  high-accuracy  digital  voltmeters.   As  a  calibration  tool,  the 
instrument,  known  as  NIST  DSS-3,  is  an  improvement  over  other  voltage  sources. 
Commercially  available  digitally  synthesized  sources  were  not  designed  to  be  used 
as  voltage  standards  for  calibrations,  and  analog  voltage  standards  are  about  10 
times  less  accurate.   The  NIST  instrument  also  can  be  used  to  evaluate  thermal 
voltage  converter-based  measurement  systems  and  for  on-line  ac  voltage 
calibration  of  automatic  test  equipment.   Because  it  refers  ac  voltage  to  dc 
voltage  standards,  the  instrument  may  be  calibrated  in  the  user's  laboratory  with 
dc  standards  only.   This  saves  the  cost  of  sending  the  instrument  out  for 
calibration.   Future  revisions  to  the  instrument  may  include  integrating  faster 
components  (digital-to-analog  converters,  switches,  and  amplifiers)  and  digital 
signal  processing  chips  into  the  instrument's  design. 

FOR  ADDITIONAL  INFORMATION:   Media  Contact:   John  Henkel,  301/975-27  62. 
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U.S,  Navy  Fact  Sheet 

Silver  Oxide  (AgO)  Cathode 


Silver  oxide/zinc  (AgO/Zn)  primary  reserve  batteries  are  in  widespread  use  for  various  military 
applications.   The  AgO  cathodes  are  electrochemically  formed  by  anodization  of  sintered  silver 
plates.    In  the  reserve  configuration,  the  KOH  electrolyte  is  separated  from  the  remainder  of  the 
cell  to  prevent  self-discharge  of  the  battery  during  storage.    Nevertheless,  the  high  decomposition 
(self-discharge)  rate  of  many  AgO  cathode  materials  during  reserve  battery  during  storage. 
Nevertheless,  the  high  decomposition  (self-discharge)  rate  of  many  AgO  cathode  materials  during 
reserve  battery  storage  remains  a  problem  of  great  concern.    This  thermal  instability  can  result  in 
severe  degradation  in  battery  discharge  performance.   For  instance,  AgO  decomposes  to  form  Ag20 
which  has  a  much  higher  ohmic  resistance,  causing  a  voltage  regulation  problem.   The  evolved  O2 
increases  the  internal  cell  pressure  which  can  cause  an  activation  problem  by  preventing  adequate 
injection  of  the  KOH  electrolyte  into  the  cells.    Furthermore,  the  reaction  between  the  evolved  O2 
and  the  Zn  anode,  forming  a  film  of  ZnO,  results  in  increased  polarization  after  activation.    Capacity 
losses  at  both  electrodes  are  also  an  obvious  consequence  of  these  processes.   It  is  apparent  that 
performance  degradation  problems  with  these  batteries  are  related,  ultimately,  to  the 
decomposition  of  the  AgO  cathode  during  storage  of  the  battery  in  the  weapon.  As  a  result,  such 
batteries  need  to  be  replaced  periodically  at  great  expense  to  the  Navy. 

A  new  AgO  cathode  material  was  developed  that  has  extremely  high  thermal  stability.   The  standard 
charging  procedure  for  sintered  silver  plates  was  modified  by  performing  the  charging  at  elevated 
temperatures  (70-110  C).    It  was  postulated  that  AgO  material  formed  at  high  temperature  should 
possess  superior  thermal  stability;  the  formation  of  less  stable  modifications  of  the  material  would 
be  impeded  during  the  preparation  procedure.    Additionally,  it  is  well  known  that  thermally  stable, 
chemically  prepared  AgO  material,  used  in  low-rate  batteries,  is  synthesized  at  elevated 
temperature. 

The  new  material  was  found  to  have  extremely  high  thermal  stability  with  a  decomposition 
activation  energy.  Eg,  of  146  Kj/mol  determined  by  thermogravimetry.    The  Ea  values  of  other  AgO 
materials  ranged  from  100  to  133  kj/mol.    The  excellent  thermal  stability  of  the  new  material  was 
confirmed  by  an  accelerated-aging  study.    Details  of  the  preparation  procedure  and  properties  of  the 
new  AgO  material  can  be  found  in  the  patent  disclosure  (Navy  case  no.  71677). 

FOR  ADDITIONAL  INFORMATION:   For  information  on  licensing  of  this  subject,  contact  the  Naval 
Surface  Warfare  Center,  Mr.  Ramsey  Johnson,  Code  D211,  Naval  Surface  Weapons  Center,  Silver 
Spring,  MD;  20903. 
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A  Wood-Fueled  Pressurized 
Downdraft  Combustor— Turbine 

Utility  and  industrial  power  systems  often  use  gcis-  or 
liquid-fueled  gas  turbine  engines.  However,  the  use  of 
coal  or  wood  to  directly  fuel  a  gas  turbine  has  not  yet  be- 
come practical,  primarily  because  the  ash  can  adversely 
affect  the  turbine  blades.  If  the  ash  in  the  combustion 
gas  is  molten,  the  ash  may  deposit  on  the  blades  and 
corrosion  may  occur.  If  the  ash  is  solid  particles,  it  may 
erode  the  blades.  The  size  distribution,  concentration, 
and  composition  of  the  ash  particles  will  affect  the  oper- 
ation of  the  turbine.  Based  on  work  with  two  prototype 
combustors,  joint  studies  between  the  USDA  Forest  Ser- 
vice's Forest  Products  Laboratory  and  the  University  of 
Wisconsin  have  determined  that  important  characteris- 
tics of  the  ash  particles  can  be  controlled  with  a  down- 
draft  combustor  operating  at  high  excess  combustion  air. 

To  further  test  these  effects,  a  unique  wood-fueled  pres- 
surized downdraft  combustor  was  constructed  and  tested 
to  determine  its  operating  characteristics,  the  composi- 
tion of  the  combustion  gas,  and  the  properties  of  the  ash 
particulates. 

Fuel  is  fed  to  the  combustor  through  a  lock  hopper,  where 
it  is  combusted  on  a  bed  of  magnesium  oxide  pellets.  It 
has  been  operated  at  a  fuel  rate  of  up  to  100  pounds  per 
hour  with  up  to  200  percent  excess  combustion  air  pre- 
heated to  200°C  at  pressures  of  1  to  5  atmospheres.  An 
Allison  Model  250  gas  turbine  engine  has  been  coupled 
to  the  combustor  and  tests  are  proceeding. 

Results  to  date  indicate  the  combustion  rate  is  sensitive 
to  fuel  moisture  content,  air  preheat  temperature,  and 
pressure.  The  combustion  gas  composition  depends  on 
the  combustion  conditions,  and  over  80  percent  by  weight 
of  the  particulates  are  less  than  5  microns  in  size.  A 


model  of  the  combustor-turbine-compressor  system  has 
been  developed  to  simulate  turbine  operation  at  various 
combustion  rates. 

The  U.S.  Department  of  Energy  provides  major  funding 
to  the  University  of  Wisconsin-Madison  for  this  project. 
The  turbine  and  technical  consulting  are  provided  by 
the  Allison  Division  of  General  Motors  Corporation,  and 
technical  support  is  provided  by  the  USDA  Forest  Ser- 
vice's Forest  Products  Laboratory. 

For  additional  information,  contact: 

Andy  Baker 

Chemical  Engineer 

Forest  Products  Laboratory 

One  GifTord  Pinchot  Drive 

Madison,  \VI  53705-2398 

(608)231-9472 
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0486  Hydraulic  Fluid  Simulator  Assembly  Test  Facility  Established 

0487  Chunkwood:  An  Alternative  Material  for  Building  Low-Use  Roads 

0488  Disk  Separation 

0489  Technical  Resource  Center  on  Hardwood  Processing 

0490  Articulated  Suspension  Without  Springs — Wheels  negotiate  bumps  and 
holes  with  minimal  tilting  of  the  vehicle  body.  (Licensing  Opportunity) 

0491  Determining  Spatial  Coordinates  by  Laser  Ranging — Three  range- 
measuring  lasers  arranged  in  a  thangle  measure  the  location  of  a  point. 
(Licensing  Opportunity) 

0492  Heat  Exchanger  With  Reservoir  and  Controls — A  heat-pipe  assembly 
operates  as  an  evaporator  or  as  a  condenser.  (Licensing  Opportunity) 

0493  Improved  Coupled  Fluid  Structural  Dynamical  Model— Calculations  of 
damping  or  instability  are  made  more  accurate. 

0494  More  About  Multiple-Boundary-Condition  Testing — Measured  shapes  of 
vibrational  modes  are  used  to  update  mathematical  models. 

0495  Nonobstructive  Damping  for  Parts  Vibrating  in  Flows — Vibrational 
energy  is  dissipated  by  strategically  located  holes  filled  with  particles. 

0496  Two-Fault-Tolerant  Release  Mechanism — Failure  of  two  out  of  three 
pyrotechnic  devices  will  not  prevent  operation.  (Licensing  Opportunity) 

Testing  &  Instrumentation 

0497  Optimum  Flow  Conditioning  for  Orifice  Meters 

0498  Electronic  Security  Indicating  Attachment  Developed 

0499  Interferometric  Measurement  of  Residual  Stress — The  stress  averaged 
through  the  thickness  of  a  plate  can  be  measured  nondestructively. 

0500  Measuring  Gaps  in  0-Ring  Seals — With  a  simple  fixture,  gaps  are 
measured  directly. 

0501  Multiple-Cantilever  Torque  Sensor — Sensitivity  to  spurious  loads  is 
small.  (Licensing  Opportunity) 

0502  Pressure  Gauges  Monitor  Leakage  Past  Seals — A  statistical  technique 
extracts  additional  information  from  measurements. 

0503  Two  Tethered  Balloon  Systems — These  systems  take  meteorological 
measurements  for  a  variety  of  research  projects.  (Licensing  Opportunity) 

0504  Using  Ruby  Balls  as  Fiducial  Marks — A  combination  of  basic  and 
advanced  techniques  yields  a  new  capability  for  inspection. 

0505  Visual-Inspection  Probe  for  Cryogenic  Chamber — Parts  in  cold 
environments  can  be  observed  from  ambient  temperature. 

Ottier  Items  of  Interest 

0510     CTMP  Press  Drying  Computer  Model 
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Hydraulic  Fluid  Simulator  Assembly  Test  Facility 
Established 


The  Hydraulic  Fluid 
Simulator  Assembly  (HFSA) 
established  at  David  Taylor 
Research  Center  (DTRC), 
Annapolis,  Maryland,  is  a  unique 
facility,  with  a  test  vehicle 
consisting  of  a  5-in./54  Mk  42  Mod 
7  gun  mount  installed  on  a 
concrete  support  structure.  The 
gun  mount,  originally  installed 
on  a  German  destroyer  and 
subsequently  kept  in  storage  at 
the  Naval  Weapon  Support 
Center,  Crane,  Indiana,  for  over 
10  years,  required  extensive 
refurbishment,  rebuilding,  and 
rewring  to  return  it  to  operational 
condition.  Located  adjacent  to  the 
gun  mount  is  a  control  building 
that  houses  three  of  the  gun 
control  panels,  the  one-man- 
control  (OMC)  unit,  the 
environmental  system  controls, 
and  the  data  acquisition  equip- 
ment. 

The  HFSA  provides  a  facility 
to  test  hydraulic  fluids  and 
identify  fluids  that  can  best 
withstand  the  extended  periods  of 
stress  and  the  extreme 
temperatures   of   the    Navy's 


various  hydraulic-driven  sys- 
tems. The  HFSA  employs  an 
online  environmental  control 
system  to  directly  heat  and  chill 
candidate  hydraulic  fluids  to 
simulate  both  tropical  and  arctic 
conditions.  Fluids  are  tested  in 
the  hydraulic  systems  that  train 
and  elevate  the  HFSA  and 
operate  the  gun  firing  mech- 
anism. Dynamic  pressure,  tem- 
perature, and  flow  data  are 
recorded  for  subsequent  analysis 
and  rating  of  each  fluid. 

The  HFSA  will  also  be  used  to 
investigate  state-of-the-art  com- 
ponents, auxiliary  equipment, 
and  new  materials  intended  for 
use  in  weapon  systems. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703) 663-8921 

Refer  to  140803/TN 
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Chunkwood:  An  Alternative  Material 
for  Building  Low-Use  Roads 


Unsurfaced,  single-lane,  low-use  roads  constitute  about 
75  percent  of  the  340,000  miles  of  roads  maintained  by 
the  USDA  Forest  Service.  Despite  their  importance  for 
forest  management,  low-use  roads  in  many  countries  have 
deteriorated  due  to  a  lack  of  adequate  roadbuilding  ma- 
terials, maintenance,  and  rehabilitation.  Many  heavily 
forested  areas  of  the  world  remain  inaccessible  because 
of  severe  shortages  of  conventional  roadbuilding  materi- 
als and  fragile  ground  conditions.  A  recent  international 
conference  on  low-use  roads  identified  the  need  to  char- 
acterize marginal,  substandard,  or  unconventional  mate- 
rials and  document  their  use  for  low-volume  roads  as  one 
of  four  high-priority  concerns. 

North  Central  Forest  Experiment  Station  researchers  re- 
cently introduced  a  very  unconventional  roadbuilding 
material  called  chunkwood.  A  machine  known  as  a 
wood  chunker  produces  the  fist-sized  particles  of  wood  at 
the  roadbuilding  site  from  nearby  unmerchantable  trees. 
Trees  can  also  be  taken  directly  from  the  road  right-of- 
way. 

Chunkwood  has  been  successfully  demonstrated  as  an 
alternative  material  for  building  low-use  forest  roads. 
The  North  Central  Forest  Experiment  Station,  the 
Chequamegon  National  Forest,  and  Michigan  Technolog- 
ical University  cooperated  to  construct  and  evaluate  a 
variety  of  chunkwood  roads,  using  chunkwood  alone  or  in 
varied  combinations  with  synthetic  fabric  and/or  gravel. 
Road  sites  included  a  swamp  with  deep,  underlying  peat, 
a  fine-grained  soil  with  a  high  water  table,  a  uniformly 
graded  sand  with  very  deep  water  table,  and  an  existing 
road  with  a  series  of  mudholes.  All  chunkwood  roads  per- 
formed to  an  acceptable,  but  varying,  level  under  heavy 
truck  traffic. 


Chunkwood  roads  are  cost-competitive  with  convention- 
ally built  roads.  Widespread  use  of  chunkwood  for  low- 
use  roads  will  conserve  finite  supplies  of  gravel  for  build- 
ing high-use  roads  and  eliminate  the  need  to  transport 
roadbuilding  materials  over  long  distances.  Chunkwood 
can  provide  a  market  for  otherwise  unmerchantable  trees 
and  substantially  reduce  roadbuilding  costs.  The  use  of 
chunkwood  also  eliminates  the  need  for  unsightly  borrow 
pits  which  require  restoration. 

Chunkwood's  light  weight  (one-fifth  that  of  gravel)  and 
other  unique  properties  make  it  an  especially  good  choice 
for  building  roads  over  swamps.  An  environmental  plus 
is  that  the  road  can  be  maintained  over  its  useful  life  and 
then  allowed  to  decompose  and  return  to  nature.  An  ob- 
vious benefactor  of  chunkwood  roadbuilding  technology 
is  the  military  of  those  countries  that  maintain  a  domes- 
tic low-use  road  network  as  well  as  roads  built  in  an  active 
theater  of  operations. 

Because  chunkwood  roadbuilding  is  in  its  infant  research 
and  application  stages,  much  needs  to  be  learned  about 
its  engineering  characteristics  and  design  criteria.  De- 
spite the  lack  of  established  roadway  design  procedures 
and  standards  under  varied  conditions,  it  is  already  clear 
that  chunkwood  is  a  viable  alternative  material  for  build- 
ing low-use  roads  in  forested  areas. 

For  more  information,  contact: 

Rodger  A.  Arola 

Research  Afeclianical  Engineer 

USDA  Forest  Service 

Forestry  Sciences  Laboratory 

Houghton,  Michigan  49931 

(906)482-6303 
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Chunkwood  makes  a  successful  roadbuilding  mntcriid,  either  alone 
or,  as  shown  here,  in  combination  with  a  geotextile  fabric. 
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Disk  Separation 

Nonwettable  adhesive  contaminants  have  been  a  major 
obstacle  in  wastepaper  recycling.  Sometimes  these  con- 
taminants, which  papermakers  call  "stickles,"  adhere  to 
papermaking  equipment,  and  sometimes  they  show  up 
as  undesirable  spots  in  the  paper  product.  Scientists  at 
the  Forest  Products  Laboratory  (FPL),  working  in  co- 
operation with  the  University  of  Wisconsin  (UVV),  have 
developed  a  device  that  improves  the  removal  of  stickles 
from  wastepaper. 

Adhesive  particles  are  a  problem  because  they  are  about 
the  same  size  and  density  as  wetted  pulp  particles.  Typi- 
cal recycling  separation  processes  separate  on  the  basis  of 
size  or  density  differences.  Thus,  adhesive  particles  tra- 
ditionally remain  in  the  pulp  slurry.  However,  in  exper- 
iments, a  smooth,  wide-lip  disk  spinning  at  high  speeds 
separated  particles  based  on  their  size,  density,  and  wet- 
tability differences.  These  tests  demonstrate  that  disk 
separation  can  remove  high  levels  of  nonwettable  con- 
taminants, without  significant  fiber  loss. 


^PWlH 


Key  component:   Wide-lip  spinning  disk. 

The  major  technical  obstacle  remaining  is  increasing  the 
throughput  of  the  process.  Fabrication  of  equipment  with 
practical  throughputs  seems  likely,  given  this  information 
and  results  from  some  current  fundamental  studies. 

By  successfully  demonstrating  how  sticky  contaminants 
may  be  removed  from  wastepaper,  FPL  scientists  have 
made  progress  in  overcoming  the  main  obstacle  to  effi- 
cient recycling.  This  is  highly  important  to  the  paper 
industry.  FPL  economists  have  shown  that  it  is  much 


less  expensive  to  increase  pulp  production  capacity  by 
adding  recycling  equipment  than  by  constructing  a  new 
pulpmill.  Recycling  also  extends  the  Nation's  timber  sup- 
ply by  recovering  wood  fiber  that  is  now  being  landfilled. 


FPL  scieittist  John  Klungness  adjusts  flow  of  wastepaper 
pulp  slurry  entering  the  experimental  disk  separator. 

For  more  information,  contact: 

John  II.  Klungness,  Chemical  Engineer 

Forest  Products  Laboratory 

One  GifTord  Pinchot  Drive 

Madison,  WI  53705-2398 

(608)  231-9437 
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^       Processing  of  Wood  Products 


Technical  Resource  Center 
on  Hardwood  Processing 

A  furniture  manufacturer  needs  to  locate  suppliers  of 
computer-numerically  controlled  (CNC)  woodworking 
machinery;  a  forest  products  technologist  needs  current 
research  results  to  assist  in  technology  transfer  efforts; 
a  wood  products  manufacturer  needs  to  locate  informa- 
tion contained  in  a  specific  research  publication.  To  meet 
these  and  similar  needs,  the  USDA  Forest  Service  estab- 
lished the  Advanced  Hardwood  Processing  and  Techni- 
cal Resource  Center  at  Princeton,  West  Virginia.  Its  staff 
can  access  many  commercial  databases  on  completed  and 
current  research  in  wood  processing  and  have  developed 
their  own  specialized  databases  on  various  types  of  ma- 
chinery, manufacturers,  and  dealers.  The  Center  is  part 
of  the  Forest  Service's  Northeastern  Forest  Experiment 
Station. 

The  Center  supplies  information  needed  to  effectively  use 
the  substantial  U.S.  hardwood  resource.  These  trees, 
which  can  vary  greatly  in  quality,  represent  significant 
potential  value.  Manufacturing  these  variable-quality 
hardwoods  into  furniture,  millwork,  and  other  products 
creates  substantial  value-added  economic  opportunities. 
Using  cost-efficient  equipment  and  applying  new  technol- 
ogy to  the  processing  of  these  hardwoods  can  enhance  the 
competitive  position  of  the  United  States  wood  process- 
ing industry. 

Designed  to  serve  the  public  as  a  source  of  information 
on  the  processing  of  hardwoods,  the  Center  works  like 
this.  An  individual  with  a  question  or  concern  contacts 
the  Center  via  phone,  mail,  or  FAX.  The  Center  staff 
searches  the  databases  and  literature  and  provides  the 
caller  with  the  requested  information.  The  caller  may 
also  be  referred  to  a  specialist  in  a  particular  field  for 
answers  to  specific  questions.  There  is  no  charge  for  this 
service. 


The  Advanced  Hardwood  Processing  and  Technical 
Resource  Center  locates  answers  for  questions  about 
hardwood  processing  using  commercial  databases  on 
completed  and  current  research. 

The  Center  is  staffed  from  8:00  a.m.  to  4:30  p.m.  (East- 
ern time),  Monday  through  Friday.  Callers  may  leave  a 
message  with  the  telephone  answering  service  at  other 
times. 

For  additional  infoimation,  contact: 

Robert  L.  Brisbin 

Research  Forest  Products  Technologist 

USDA  Forest  Service 

Advanced  Hardwood  Processing  and 

Technical  Resource  Center 
Route  2,  Box  562-B 
Princeton,  WV  24740 
(304)  425-6945 
FAX  (304)  425-1476 
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Articulated  Suspension  Without  Springs 

Wheels  negotiate  bumps  and  holes  with  nninimal  tilting  of  the  vehicle  body. 


A  springless  suspension  for  a  vehicle 
allows  its  wheels  to  cross  bumps  and  other 
obstacles  independently  while  maintaining 
a  nearly  uniform  distribution  of  weight  and 
traction  on  the  wheels.  Spring  suspen- 
sions, in  contrast,  shift  disproportionate 
amounts  of  weight  to  the  most  deflected 
wheels. 

In  the  new  suspension,  a  wheel  can 
climb  an  obstacle  as  high  as  1 V2  times  its 
diameter  without  excessive  tilting  of  the 
chassis.  It  therefore  provides  a  highly 
stable  ride  over  rough  ground  for  such 
vehicles  as  wheelchairs,  military  scout 
cars,  and  police  and  fire  robots.  Moreover 
it  does  not  subject  the  vehicle  to  the  oscilla- 
tions common  in  spring  suspensions. 

A  system  of  levers  distributes  the  weight 
to  the  wheels  (see  figure).  Tfie  levers  are 
sized  to  distribute  equal  or  other  desired 
portions  of  the  load  among  the  wheels. 
Link  1,  with  pivots  at  each  end,  connects 
two  axle  bogies,  links  2  and  3.  Link  3  is  a 
true  bogie,  having  an  axle  at  each  end.  Link 
2  is  like  link  3  except  that  it  is  connected  to 
the  middle  axle  through  link  4  instead  of  di- 
rectly 

The  same  type  of  linkage  is  used  on  both 
sides  of  the  vehicle.  A  tx)cly  unit  joins  the 
two  sides  at  pivots  at  the  middles  of  links  1. 
At  the  front  or  rear  of  the  body  unit,  link  5 
pivots  crossways  to  average  the  positions 
of  the  left  and  right  sides.  Links  6  and  7  join 
link  5  to  the  left  and  right  links  1  at  or  near 
the  bogie  pivots. 

As  the  wheels  traverse  bumps  and  holes, 
the  bogies  pivot  to  follow  the  terrain.  The 
mechanism  averages  the  wheel  displace- 
ments so  that  the  body  unit  is  subjected  to 
minimum  rocking. 

This  work  was  done  by  Donald  B. 
Bickler  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA  Resident  Office- 
JPL.  Refer  to  NP0-17354/TN. 
[N87-18119],  Price  Code:  A02  "Analysis 
and   Test  of  Superplastically   Formed 


3        1 

\ 


Axle  Pivots 


Pivots  That  Join  Body 
to  Linkage  (Body 
Rests  on  Shaded  Bars) 


The  Linkage  on  either  side  of  the  vehicle  allows  six  wheels  to  rise  and  fall  nearly  independ- 
ently of  each  other.  Additional  links  (bottom)  connect  the  two  side  mechanisms  and  support 
the  body  of  the  vehicle. 


Titanium    Hat-Stiffened   Panels    Under 
Compression. " 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161.  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling 
(800)  336-4700.  LAR  13814/TN 

Jet  Propulsion  Lab. 

NASA  Resident  Oflice 
Technology  Utilization 
Officer:  Gordon  S 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 


Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL:  Norman 
L.  Chalfin 
Mail  stop  156-211 
4800  Oak  Grove  Drive 
Pasadena.  CA  91109 
(818)  354-2240 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division.  P.O   Box  8757. 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Determining  Spatial  Coordinates  by  Laser  Ranging 

Three  range-measuring  lasers  arranged  in  a  triangle  measure  the  location  of  a  point. 


A  proposed  method  for  the  determina- 
tion of  the  coordinates  of  an  object  uses 
three  laser  rangef  inders  arranged  in  a  right 
angle  so  that  they  define  a  coordinate  sys- 
tem. A  set  of  three  measurements  of  the 
distances  (ranges)  of  a  retroreflector  on 
the  object  from  the  three  rangef  inders  pro- 
vides sufficient  information  to  calculate  the 
coordinates  of  the  retroreflector  in  the  co- 
ordinate system  defined  by  the  rangefind- 
ers.  If  at  least  three  noncoliinear  retrore- 
f lectors  are  attached  to  the  object,  the 
orientation  of  the  object  can  also  be  deter- 
mined. Potential  applications  include  the 
observation  and  control  of  large  struc- 
tures, robotics,  and  machine  vision. 

The  calculation  of  the  coordinates  from 
the  ranges  is  based  on  the  law  of  cosines 
from  trigonometry  and  the  Pythagorean 
theorem.  Using  the  variables  defined  in  the 
figure,  the  angle  a^  betv/een  the  X-axis  and 
the  measured  range  vector  RgUom  the  ori- 
gin to  the  object  is  given  by 

a^  =  COS-1[(fl|  +  a2-fl2)/2a/?g] 

The  X-coordinate  of  the  retroreflector  is 
given  by 

X  =  flgCOS(a^) 

Similarly,  the  angle  a„  between  the  /-axis 
and  range  vector  /?g  is  given  by 

Oy  =  cos-i[(R2  +  c2-f?2^/2cflg] 

The  y-coordinate  of  the  retroreflector  is 
given  by 

y  =  Rg  cos(ay) 

The  Z-coordinate  of  the  retroreflector  is 
given  by 


Retroreflector 


=  («i- 
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If  the  object  carries  three  or  more  suita- 
bly placed  retroreflectors,  the  orientation 
of  the  object  can  also  be  determined  by 
measuring  the  coordinates  of  each  of  the 
retroreflectors  in  the  same  manner  For  ac- 
curate results,  the  distances  between  the 
retroreflectors  must  be  large  compared  to 
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The  Spatial  Coordinates  of  a  retroreflector  can  be  determined  from  a  set  of  three  range 
measurements  taken  simultaneously  by  three  laser  rangeflnders. 


the  range  resolution  of  the  rangeflnders. 
Furthermore,  care  must  be  taken  that  the 
various  range  measurements  are  correct- 
ly assigned  to  the  various  retroreflectors. 

This  work  was  done  by  Larry  L 
Schumacher  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title 
to  this  invention.  Inquiries  concerning 
rights  for  its  commercial  use  should  be 
addressed  to 

Edward  Ansel  I 

Director  of  Patents  and  Licensing 

!\/lail  Stop  301-6 

California  Institute  of  Technology 

1201  East  California  Boulevard 

Pasadena,  CA  91125 
Refer  to  NP0-17436/TN. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Ctiapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  fi/cCaul 
ty/lail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Tecfmology  Utilization 
f\/lgr.  for  JPL:  Norman 
L  Cfialfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 
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Heat  Exchanger  With  Reservoir  and  Controls 

A  heat-pipe  assembly  operates  as  an  evaporator  or  as  a  condenser. 


The  figure  shows  a  heat  exchanger  that 
can  transfer  heat  in  both  directions.  The 
heat  exchanger  includes  an  assennbly  of 
heat  pipes  connected  to  a  reservoir  in  the 
primary  fluid  loop.  Heat  is  transferred 
througti  the  flanges  of  the  heat  pipes  and  a 
finned  heat  exchanger  in  contact  with  the 
joined  flanges,  to  or  from  the  fluid  in  the 
secondary  loop,  which  fluid  flows  through 
the  finned  heat  exchanger  When  operated 
as  an  evaporator  (to  transfer  heat  from  the 
secondary  to  the  primary  loop),  the  array  of 
heat  pipes  demonstrated  good  load-shar- 
ing performance  and  a  heat-flux  capability 
of  over  2  W/cm^  with  ammonia  as  the 
working  fluid. 

The  new  heat  exchanger  incorporates 
important  improvements  over  previous  de- 
signs. By  adding  the  reservoir  to  the  pri- 
mary loop,  locating  ultrasonic  liquid-level 
sensors  on  the  reservoir  rather  than  direct- 
ly on  one  of  the  heat  pipes,  and  revising  the 
control  logic,  the  uneven  distribution  of 
flow  among  the  heat  pipes  and  erroneous 
behavior  of  valves  were  eliminated. 

On  the  primary  side  of  the  heat-transfer 
interface,  the  flanges  of  the  heat  pipes  are 
welded  together  to  form  a  flat  panel.  Fine 
circumferential  grooves  are  machined  into 
the  upper  (vapor)  channel  of  each  heat 
pipe.  To  maintain  a  nearly  constant  flux  of 
heat  per  unit  length  along  the  length  of  the 
overall  heat  exchanger  the  density  of  fins 
in  the  secondary  heat  exchanger  increas- 
es from  inlet  to  outlet.  This  compensates 
for  the  smaller  difference  between  the 
temperatures  of  the  fluids  in  the  two  loops 
near  the  outlet  end. 

Fill  and  condensate-return  valves  allow 
liquid  to  enter  or  leave  the  reservoir  during 
operation  of  the  heat-pipe  panel  as  an 
evaporator  or  condenser,  respectively 
When  the  panel  is  operating  as  an  evapo- 
rator a  pressurized  source  supplies  liquid 
to  the  reservoir,  which,  in  turn,  supplies  liq- 
uid to  the  panel.  A  liquid  header  connects 
the  reservoir  to  the  heat  pipes.  Capillary 
forces  generated  by  the  monogroove  slots 
between  the  liquid  and  vapor  channels  in 
the  heat  pipes  transport  liquid  into  the  heat 
pipes  for  evaporation,  as  needed.  The 
vapor  produced  in  the  heat  pipes  flows 
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DETAIL  A 
CROSS  SECTION  OF  HEAT  PIPE 


The  Heat  Exchanger  can  be  operated  to  transfer  heat  to  or  from  a  secondary  liquid  heat- 
transfer  loop. 


through  a  vapor  header  to  a  condenser 
elsewhere  in  the  system.  The  vapor  header 
is  also  connected  to  the  vapor  space  in  the 
reservoir 

The  fill  valve  opens  and  closes  in  re- 
sponse to  the  signals  from  the  ultrasonic 
liquid-level  sensors  and  from  thermo- 
couples on  the  flange  of  one  of  the  heat 
pipes  and  on  the  vapor  header  Evapora- 
tion is  allowed  to  deplete  the  reservoir  until 
both  ultrasonic  sensors  indicate  "dry"  and 
the  thermocouples  indicate  that  the  flange 
temperature  exceeds  the  vapor  header 
temperature.  The  fill  valve  then  opens  until 
both  ultrasonic  sensors  detect  liquid,  re- 
gardless of  the  thermocouple  signals. 

During  operation  of  the  heat-pipe  panel 
as  a  condenser  vapor  flows  from  an  evap- 
orator elsewhere  in  the  system,  into  and 
through  the  vapor  header  The  tempera- 
ture of  the  vapor  header  exceeds  the  tem- 
perature of  the  flange.  When  the  difference 
between  these  two  temperatures  exceeds 
a  threshold  value  of,  say  5  to  10  °F  (2.8  to 
5.6  °C)  and  both  ultrasonic  sensors  detect 
liquid,  the  condensate-return  valve  opens, 


allowing  a  pump  to  remove  fluid  from  the 
reservoir  When  the  reservoir  becomes 
empty  or  the  difference  between  the  tem- 
peratures falls  below  the  threshold  value, 
the  condensate-return  valve  closes. 

This  work  was  done  by  Richard  F. 
Brown  and  Fred  Edelstein  of  Grumman 
Aerospace  Corp.  for  Johnson  Space 
Center. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel.  Johnson  Space  Center. 
Refer  to  t\/ISC-21295/MSC-21296/TN. 

Lyndon  B.  Johnson 
Space  Center 

Technology  Utilization 
Officer:  Dean  C  Glenn 
Mail  Code  IC-4 
Houston,  TX   77058 
(713)483-3809 
Patent  Counsel: 
Edward  K.  Fein 
Mail  Code  AL3 
Houston.  TX  77058 
(713)483-4871 
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Improved  Coupled  Fluid/Structural  Dynamical  Model 

Calculations  of  damping  or  instability  are  made  more  accurate. 


An  improved  algorithm  has  been  devei- 
oped  for  the  simulation  of  coupled  motions 
of  fluids  and  structures.  This  is  a  topic  of 
widespread  interest  because  coupling  can 
convert  the  kinetic  energy  of  a  fluid  into 
mechanical  vibration  and  can  cause  insta- 
bility in  some  ranges  of  flow.  An  example  of 
this  phenomenon  that  can  be  observed  in 
many  homes  is  the  vibration  of  a  loosely- 
mounted  water  pipe  at  some  faucet  set- 
tings. 

Simulation  requires  great  care  in  the 
treatment  of  damping  (or  resonant  gains), 
frequency  being  a  less  important  consider- 
ation. The  fluid  in  contact  with  the  structure 
causes  some  mass  loading  of  the  structure 
and  some  reduction  of  vibrational  frequen- 
cy relative  to  that  of  the  unloaded  struc- 
ture. 

It  is  difficult  to  couple  the  mathematical 
models  of  the  structure  and  fluid  because 
they  involve  different  types  of  equations. 
The  nonlinearities  of  the  fluid  model  usually 
require  numerical  solutions  in  the  time  do- 
main, using  finite  time  steps.  The  usual  ap- 
proach is  to  alternate  the  solution  between 
the  fluid  and  structure  and  to  choose  very 
small  time  steps.  This  approach  results  in  a 
phase  shift,  which  leads  to  erroneous 
values  of  damping,  even  though  errors  in 
frequency  are  small. 

A  minimum  requirement  for  correct  sim- 
ulation of  damping  is  that  the  forces  and 
velocities  at  the  interface  be  compatible  in 
the  models  of  the  structure  and  fluid  at 
each  time  step.  The  improved  algorithm, 
which  conforms  to  this  requirement,  in- 
volves a  fluid-transient  model,  a  structural 
modal/transient  model,  and  an  algebraic 
impedance/coupling  subalgorithm. 

The  velocity  of  the  structure  at  the  end 
of  each  time  step  is  computed,  based  on 
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The  Interactions  Between  the  Fluid  and  the  Structure  are  represented  by  coupled  mathe- 
matical models.  The  forces  and  velocity  at  the  interface  are  constrained  to  be  compatible  in 
both  models  at  each  time  step. 


the  initial  position,  velocity,  modal  force, 
and  change  in  modal  force  during  the  time 
step.  The  change  in  modal  force  has  two 
parts,  one  of  which  is  a  function  of  time  and 
would  occur  with  no  change  in  the  velocity 
at  the  interface.  The  second  part  is  the 
change  in  force  due  to  a  change  in  the  ve- 
locity at  the  interface. 

The  interaction  between  the  mathemati- 
cal models  of  the  fluid  and  structure  are  il- 
lustrated in  the  figure.  Solving  the  equa- 
tions of  the  fluid  subsystem  with  constant 
velocity,  one  obtains  the  forces  at  the  inter- 
face. These  are  added  to  externally-ap- 
plied structural  forces  to  compute  the 
modal  force  and  obtain  an  estimate  of 
modal  velocity.  Using  the  structural  mobili- 
ty (the  partial  derivative  of  velocity  with  re- 
spect to  force)  and  the  impedance  of  the 
fluid  system  (the  partial  derivative  of  force 
with  respect  to  velocity),  the  estimate  of  ve- 
locity can  be  corrected  to  the  value  that  re- 
sults in  compatible  forces  and  velocity  at 


the  interface  at  the  end  of  the  time  step. 
Then  using  the  corrected  velocity,  the 
equations  of  the  fluid  system  can  be  re- 
solved for  the  correct  change  in  the  force 
at  the  interface.  A  new  value  for  modal 
displacement  can  also  be  found  (for  use  in 
the  structural-transient  block). 

The  use  of  this  algorithm  greatly  im- 
proves the  computational  stability.  Some 
residual  error  is  caused  by  the  assumption 
that  during  each  time  step,  the  correction 
to  force  and  velocity  is  a  linear  function  of 
time.  The  errors  appear  in  the  solution  as 
errors  in  the  frequency  of  the  system 
rather  than  as  errors  in  the  damping  of  the 
system, 

This  work  was  done  by  James  R 
Fenwick  of  Rockwell  International  Corp. 
for  Marshall  Space  Flight  Center. 
f\/IFS-29439n'N 
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More  About  Multiple- 
Boundary-Condition  Testing 

Measured  shapes  of 
vibrational  modes  are 
used  to  update 
mathematical  models. 

A  report  extends  the  discussion  of  the 
multiple-boundary-condition  vibrational  test- 
ing technique  described  in  a  recent  issue 
of  NASA  Tech  Briefs.  As  its  name  implies, 
this  technique  involves  the  vibrational 
testing  of  a  complicated  structure  under 
various  combinations  of  boundary  condi- 
tions, each  of  which  yields  experimental 
data  on  a  different  part  or  parts  of  the 
mathematical  model  of  the  structure.  With 
proper  choices  of  the  multiple  boundary 
conditions,  the  technique  enables  the  ex- 
perimental validation  of  the  structural 
mathematical  model  for  structures  that 
can  be  ground  tested  by  current  "state-of- 
the-art"  techniques  due  to  the  influence  of 
the  terrestrial  environment,  namely  air  and 
gravity. 

In  the  previous  literature  on  multiple- 
boundary-condition  vibrational  testing,  only 
the  eigenvalues  (in  effect,  the  frequencies 
of  the  vibrational  modes)  have  been  used 
in  the  correlation  and  update  of  the  mathe- 
matical model.  In  th's  report,  the  emphasis 
is  on  further  refinement  of  the  mathemati- 
cal model  by  use  of  the  differences  be- 
tween the  measured  eigenvectors  (i.e.,  the 
displacements  of  various  places  on  the 
structure  in  the  vibrational  modes)  and  the 
eigenvectors  predicted  by  the  model  that  is 


to  be  so  refined. 

The  structure  is  represented  by  a  finite- 
element  mathematical  model  of  mass  ma- 
trix M  and  stiffness  matrix  K.  The  vibration- 
al modes  (eigenmodes  of  the  model)  are 
characterized  by  the  eigenvalue  matrix  L 
and  the  eigenvector  matrix  P.  From  the 
basic  matrix.vector  equations  of  motion 
and  the  orthogonality  of  P  with  respect  to  K 
and  M,  the  authors  derive  the  following  two 
equations  for  the  relationships  among 
small  changes  in  K.  L,  M,  and  P,  ignoring 
second-  and  higher-order  differential  terms: 

dL  =  P^dK)P  -  LP^dM)P 
and 
(K-LM)dP  =  L{dM)P- 
[LP^dM)P]MP  -  {dK)P  +  [pT{dK)P]MP 

where  T  denotes  the  transpose.  The  inter- 
mediate objective  is  then  to  solve  these 
equations  simultaneously  to  obtain  dK  and 
dM;  that  is,  to  update  the  parameters  K  and 
M  of  the  mathematical  model  on  the  basis 
of  the  difference  dP  between  the  meas- 
ured and  assumed  eigenvectors. 

The  ultimate  objective  is  to  update  the 
estimates  of  the  physical  parameters  of 
the  structure  (areas,  moments  of  inertia. 


and  the  like),  rather  than  the  elements  of 
the  mathematical  model,  which  are  more 
numerous.  For  a  model  of  N  degrees  of 
freedom,  these  matrix  equations  provide 
N  + 1  equations  for  each  eigenvector  and 
corresponding  eigenvalue.  Thus,  the  sys- 
tem is  overdetermined,  resulting  in  multiple 
estimates  of  the  desired  parameters.  This 
overdetermination  provides  the  leeway  for 
the  selection  of  boundary  conditions. 

The  authors  present  a  numerical  exam- 
ple in  which  multiple-boundary-condition 
test  data  are  used  to  make  the  approxi- 
mate parameters  of  a  mathematical  model 
of  a  flexible  beam  of  four  different  cross 
sections  converge  toward  the  correct  val- 
ues. The  effects  of  several  different  bound- 
ary conditions  are  illustrated.  Issues  for 
future  research  include  the  choice  of  prop- 
er subsets  of  information  for  the  estimation 
of  the  parameters  of  interest  and  the  selec- 
tion of  the  boundary  conditions  that  will 
yield  the  correct  data. 

This  worl<  was  done  by  Chin-Po  Kuo 
and  Ben  K.  Wada  of  Caltech  for  NASA's 
Jet  Propulsion  Laboratory.  "Multiple 
Boundary  Condition  Test  (MBCT):  Iden- 
tification With  Mode  Shapes." 
NPO-17574/TN 
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Nonobstructive  Damping  for  Parts  Vibrating  in  Flows 

Vibrational  energy  is  dissipated  by  strategically  located  holes  filled  with  particles. 


Vibration-prone  parts  in  fast-flowing  liq- 
uids or  gases  can  be  dannped  by  a  simple 
provision:  drill  or  cast  small  tioi^s  in  them 
and  fill  [he  iioles  with  particles.  The  parti- 
cles absorb  the  vibration  energy  without 
obstructing  flow. 

The  damping  hoies  add  little  to  the  costs 
of  manufacturing  the  parts.  They  reduce 
the  masses  of  parts  because  the  masses 
of  the  inserted  particles  are  less  than  those 
of  the  materials  removed  to  make  the 
holes.  They  function  as  well  at  cryogenic 
temperatures  as  they  do  at  ordinary  tem- 
peratures. 


The  holes  should  be  positioned  accord- 
ing to  analysis  of  the  nodes  and  antinodes 
of  the  vibrations.  The  sizes  and  numbers  of 
required  holes  are  functions  of  the  thick- 
nesses of  walls,  the  amplitudes  and  fre- 
quencies of  vibrations,  and  the  damping  re- 
quirements. 

In  a  demonstration,  four  holes  1  millime- 
ter in  diameter  were  drilled  in  an  inlet  split- 
ter vane  for  liquid  oxygen  in  the  Space 
Shuttle  main  engine.  The  holes  were  filled 
with  such  particles  as  steel  shot,  ceramic 
shot,  tungsten  powder,  and  nickel  powder. 


The  vanes  were  vibrated  at  high  frequency 
and  amplitude  in  a  shaker  both  before  and 
after  the  filling  of  the  holes.  The  filling  of  the 
holes  was  found  to  have  reduced  the  am- 
plitude of  vibration  by  a  factor  of  more  than 
5. 

This  work  was  done  by  Hagop  V. 
Panossian  of  Rockwell  International  Corp. 
for  Marshall  Space  Right  Center.  No  fur- 
ther  documentation  is  available. 
f^FS-29572/TN 
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Two-Fault-Tolerant  Release  Mechanism 

Failure  of  two  out  of  three  pyrotechnic  devices  will  not  prevent  operation. 


A  remotely-operated,  compact  quick-re- 
lease mectianism  will  still  function  in  the 
event  that  one  or  even  two  attempts  to  ac- 
tuate it  fail.  The  mechanism  contains  three 
independent  pyrotechnic  devices.  Firing  of 
any  one  of  the  devices  is  sufficient  to  actu- 
ate the  mechanism. 

The  item  to  be  released  is  secured  to  the 
upper  end  of  a  toggle  (see  figure).  The  tog- 
gle seats  in  a  spherical  bearing,  and  three 
symmetrically  spaced  pins  secure  the  low- 
er end  of  the  toggle  to  the  base  structure. 

Each  pin  retracts  under  pressure  from 
hot  gases  when  its  associated  pyrotechnic 
cartridge  is  ignited.  If  all  three  cartridges 
fire,  all  three  pins  retract  and  the  toggle 
floats  free.  If  only  one  or  two  cartridges  fire, 
the  toggle  becomes  asymmetrically  load- 
ed and  rotates  in  its  bearing  so  that  it  frees 
itself  from  the  remaining  one  or  two  pins. 
Thus,  it  can  still  float  free  of  the  base  struc- 
ture. 

Besides  allowing  rotation  after  retrac- 
tion, the  bearing  also  aligns  the  toggle  dur- 
ing assembly  A  screw  thread  on  the  out- 
side surface  of  the  bearing  provides  for  the 
adjustment  of  preload  tension  on  the  tog- 
gle during  assembly  The  pins  remain  in  the 
base  structure  after  the  toggle  has  been 
operated.  No  debris  are  released  during 
operation. 

This  work  was  done  by  Thomas  J. 
Graves  arid  Robert  A.  Yang  of  Johnson 
Space  Center. 


Toggle 


Preload-Adjusting 
Nut 


Cylinder 
(One  of 
Three 


Pyrotechnic 
Cartridge 


Pin-Retracting  Piston 
(One  of  Three) 

SIDE  VIEW 


SECTION  AA 


Three  Pins  Hold  the  Toggle  at  its  base.  The  retraction  of  any  one  of  the  pins  allows  the  toggle 
head  to  rotate  in  the  spherical  bearing  to  free  itself  from  the  remaining  pin  or  pins. 


This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Johnson  Space  Center. 
Refer  to  MSC-21354/TN. 


Lyndon  B.  Johnson 
Space  Center 

Technology  Utilization 
Officer:  Dean  C.  Glenn 
Mail  Code  IC-4 
Houston.  TX  77058 
(713)  483-3809 
Patent  Counsel: 
Edward  K.  Fein 
Mail  Code  AL3 
Houston.  TX  77058 
(713)  483-4871 
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(Formerly  the  National  Bureau  of  Standards) 

U.S.  Department  of  Commerce,  Gaithersburq,  MP  20899 

Optimum  Flow  Conditioning  for  Orifice  Meters 


A  common  way  to  measure  flow  rates  of  gases  and  liquids  is  to  insert  an  orifice  plate  flowmeter  into 
a  length)  of  pipe  and  measure  tfie  pressure  drop  across  the  plate.   Tfie  accuracy  of  tfie  measurement, 
however,  is  dependent  on  the  condition  of  the  flow,  which  is  adjusted  using  flow  conditioners 
upstream  from  the  meter.    European  and  U.S.  specifications  for  the  location  of  these  conditioners 
differ,  and  the  location  has  a  substantial  impact  on  measurement  accuracy.    In  work  sponsored  by 
the  Gas  Research  Institute,  NIST  analyzed  the  effect  of  varying  the  distance  from  conditioner  to 
orifice  meter.    The  results  showed  that,  In  general,  the  conditioner  should  be  located  17  pipe 
diameters  upstream  from  the  orifice  plate  for  tube  bundle  conditioners. 

FOR  ADDITIONAL  INFORMATION:  A  copy  of  the  report  is  available  from  NTIS,  Springfield,  VA 
22161;    (703)487-4600. 

NTIS  order  number:     PB90-1 11675NAC 

Price  code:   A05 

Media  contact:     Collier  Smith   (Boulder),   (303)497-3198 
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Electronic  Security  Indicating  Attachment  Developed 


The  Naval  Surface  Warfare 
Center  (NSWC),  Dahlgren, 
Virginia,  has  developed  an 
improved  electronic  security 
indicating  attachment  for  use 
with  safes  and  vaults  that 
provides  an  indication  that  a  door 
has  been  opened  and  also  whether 
a  closed  door  is  properly  secured. 

This  device  readily  lends 
itself  to  being  easily  attached  to  a 
door/drawer.  Because  of  its  low 
power  needs,  it  uses  a  simple 
battery  pack  for  its  power  supply, 
requiring  minimal  servicing  such 
as  merely  replacing  the  battery. 

The  device  is  designed  to  be 
an  inexpensive,  adaptable  aid  to 
safe  security  that  can  be  attached 
to  almost  any  safe.  The  device 
turns  itself  "on"  when  the  safe  is 
opened  and  turns  itself  "off"  when 
the  safe  is  properly  secured.  This 
automatic  on/off  feature 
conserves  battery  energy. 


The  safe/vault  security  device 
consists  of  a  power  supply,  a 
means  for  sensing  the  position  of 
the  drawer,  an  audio  alarm,  and  a 
visual  door  status  indicator.  A 
microprocessor  is  electrically 
connected  to  the  power  supply, 
the  sensing  means,  and  to  the 
indicating  and  detecting  means. 
The  drawer  sensing  unit  actuates 
the  audio/visual  alarm  indicator 
when  the  drawer/door  is  opened 
or  wlien  the  closed  drawer/door 
has  been  improperly  or  properly 
secured.  This  security  device 
could  be  made  virtually  "tamper 
proof  by  building  it  into  the  safe. 
Figure  3  shows  the  various 
features  of  the  device. 

When  the  safe  is  opened,  the 
device  indicates  power  up  by 
sounding  a  tone  and  lighting  a  red 
LED.  It  does  this  periodically  the 
entire  time  the  safe  is  open  to 
inform  the  user  that  the  safe  is 


SPEAKER      OPTICAL        q|^l 
SENSORS 


DRAWER 
SENSOR 


GREEN  LED 
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DRAWER 


REFLECTIVE  STRIP 


SAFE  HANDLE 

Figures.  Diagram  of  safe  attachment 
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not  secure.     When  the  safe  is 
closed,  the  dial  must  be  rotated  at 
least  four  times  in  the   same 
direction  to  be  fully  secured.     A 
reflective  piece  of  tape  is  attached 
to  the  dial  so  that  the  device  can 
sense  the  dial  rotation.     The 
device  then  counts  the  rotations  of 
the  dial  to  ensure  at  least  four 
complete  rotations.     When  four 
rotations  have  been  sensed,  it 
sounds  a  secure  tone,  lights  the 
green  LED,  and  shuts  itself  off.  If 
the  user  does  not  rotate  the  dial 
after  closing  the  safe,  or  fails  to 
rotate  the  dial  four  times  in  the 
same  direction,  the  device  lights 
the  red  LED  and  sounds  an  alarm 
tone. 

This  device  offers  many 
advantages  as  an  attachment  to  a 
safe  or  as  a  built-in  device.    With 


minor  software  changes  or 
additions,  the  device  could  be 
attached  to  a  standard  serial  or 
parallel  port  to  lend  itself  to 
attaching  into  a  network  of  safes 
that  are  attached  to  a  PC  to 
monitor  all  safes  in  a  building.  It 
could  also  be  attached  to  some  type 
of  keypad  so  that  the  user  of  the 
safe  could  enter  an  identification 
number,  and  the  device  could  then 
keep  track  of  safe  accesses. 

For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

Code  E211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  140804/TN 
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Interferometric  Measurement  of  Residual  Stress 

The  stress  averaged  through  the  thickness  of  a  plate  can  be  nneasured  nondestructively. 


The  theory  of  elasticity  has  been  com- 
bined with  a  laser  interteronnetric  technique 
into  a  technique  for  the  measurement  of  re- 
sidual stresses  in  solid  objects  —  usually  in 
thin,  nominally-flat  plates.  Unlike  some  prior 
techniques  that  measure  stresses  only  near 
the  surface  or  require  destruction  of  part  of 
each  specimen,  the  new  technique  is  non- 
destructive and  measures  the  stress  av- 
eraged through  the  thickness  underlying 
each  point  of  interest  on  the  surface.  Such 
measurements  will  be  particularly  useful  in 
the  inspection  of  wafers  of  single-crystal 
silicon  for  making  solar  cells  or  integrated 
circuits,  because  stresses  that  remain 
after  the  crystal-growing  process  can 
cause  buckling  or  fracture. 

The  theory  of  elasticity  of  thin  plates  can 
be  used  to  predict  deflections  of  the  plates 
caused  by  known  applied  loads  under  spec- 
ified boundary  condition,  or  to  infer  the  ap- 
plied loads  that  cause  known  deflections. 
Similarly,  the  theory  can  be  used  to  relate 
known  deflections  to  residual  stresses 
equivalent  to  stresses  that  would  be  pro- 
duced by  fictitious  applied  loads.  In  the 
new  technique,  the  deflection  of  a  speci- 
men is  measured  under  a  known  load  (or 
no  load)  and  compared  with  the  corre- 
sponding deflection  predicted  for  the  spec- 
imen in  the  absence  of  residual  stress.  The 
difference  between  the  predicted  and 
measured  deflections  is  then  attributed  to 
the  residual  stress. 

The  figure  illustrates  a  measurement  of 
a  circular  wafer  of  silicon.  A  beam  of  light 
from  a  helium/neon  laser  is  spatially  filtered 
in  a  pinhole,  expanded  by  lenses,  colli- 
mated  by  a  paraboloidal  mirror  and  then 
reflected  by  a  beam  splitter  through  an  op- 
tical flat  onto  the  wafer  The  wafer  is  sup- 
ported at  its  edge  and  loaded  at  its  center 
by  a  known  force. 


The  Deflection  of  a  Circular  Wafer  of  Silicon  is  measured  interferometrically  The  pattern  of 
deflection  is  used  to  infer  the  pattern  of  stress  within  the  wafer 


The  light  reflected  from  the  wafer  and 
the  bottom  of  the  optical  flat  passes 
through  the  beam  splitter  and  is  focused  by 
a  lens  to  form  an  image  of  the  wafer  in  the 
camera.  The  interference  between  these 
two  components  of  reflected  light  forms  a 
pattern  of  bright  and  dark  fringes  in  the  im- 
age that  can  be  counted  to  measure  the 
deflection  at  each  point  on  the  surface  of 
the  disk  (each  fringe  represents  a  vertical 
deflection  of  half  a  wavelength). 

In  this  particular  configuration,  the 
theoretical  expression  for  the  residual 
stress  includes  the  first  three  derivatives  of 


the  deflection  with  respect  to  radial  posi- 
tion. Therefore,  third-degree  polynomials 
are  fitted  to  the  measured  deflections  at  a 
conveniently  large  number  of  radii.  The  co- 
efficients of  the  polynomials  are  used  to 
obtain  the  derivatives,  which  are  then  in- 
serted in  the  expression  for  the  residual 
stress. 

This  work  was  done  by  Steven  Danyluk 
and  A.T.  Andonian  of  The  University  of 
Illinois    at   Chicago    for    NASA's    Jet 
Propulsion  Laboratory. 
NPO-17440/TN 
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Measuring  Gaps  in  0-Ring  Seals 

With  a  simple  fixture,  gaps  are  measured  directly. 


A  simple  technique  enables  the  meas- 
urement of  the  leakage  areas  created  by 
small  obstructions  in  0-ring  seals.  The 
obstructions  could  be  thread,  lint,  steel  or 
nylon  wire,  or  human  hair  for  example. 
They  may  be  as  small  as  0.00025  in.  (about 
6  yim)  in  diameter  The  new  technique  is 
faster  easier,  and  more  accurate  than  is 
the  conventional  estimation  of  blow-by 
area  from  difficult  measurements  of  leak- 
age. 

The  technique  involves  the  use  of  a  fix- 
ture that  compresses  the  0-ring  onto  a  flat 
plate  and  a  wire  or  other  obstruction  of 
known  diameter  and  material.  By  use  of 
spacers,  the  compression  is  set  to  a  speci- 
fied amount  —  typically  10,  20,  or  30  per- 
cent of  the  original  diameter  of  the  0-ring. 
The  top  plate  of  the  fixture  is  made  of  c'ear 
plastic  so  that  the  compressed  ring  and  ob- 
struction can  be  observed  and  photo- 
graphed (see  figure). 

Photographs  are  taken  through  a  micro- 
scope at  typical  magnifications  of  10  and 
70.  From  the  photographs,  the  size  of  the 
gap  is  measured  (the  known  diameter  of 
the  obstruction  serves  as  a  scale). 

This   work   was   done  by   Scott  E. 
Johnson   of  Morton   Thiokol,    Inc.,    for 
Marshall  Space  Flight  Center. 
MFS-28332/TN 
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The  Fixture  Compresses  the  Piece  of  0-Ring  by  an  amount  determined  by  spacers.  A  camera 
aimed  through  the  clear  plastic  top  plate  records  the  depression  made  in  the  0-ring  by  an  ob- 
struction. 
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Multiple-Cantilever  Torque  Sensor 

Sensitivity  to  spurious  loads  is  small. 


High  stiffness,  tnigh  resolution,  and  ease 
of  fabrication  are  among  the  features  of  a 
specially  designed  torque  sensor.  The 
device  is  flexible  and  sensitive  to  torque 
about  its  cylindrical  axis  (which  one  seeks 
to  measure)  and  stiff  enough  to  be  insen- 
sitive to  bending  about  any  perpendicular 
axis. 

In  effect,  the  torque  sensor  is  a  quasi- 
flexible  inner  coupling  plate  between  out- 
er coupling  plates  that  are  connected  to 
the  driving  and  driven  shafts.  The  inner 
plate  —  the  main  body  of  the  torque  sen- 
sor —  has  cantilever  cutouts  around  its 
edge.  Cantilevers  are  connected  alternate- 
ly to  the  driving  and  the  driven  plate,  so  that 
when  there  is  torque  between  the  driving 
and  driven  shafts,  pairs  of  adjacent  can- 
tilevers deflect  circumferentially  toward  or 
away  from  each  other  (see  figure). 

A  load  cell  is  positioned  to  measure  the 
circumferential  deflection  between  adja- 
cent cantilevers  in  two  or  more  pairs.  The 
load  cell  could  be  a  strain  gauge,  piezo- 
electric transducer,  or  linear  variable-dif- 
ferential transformer.  In  the  prototype,  a 
piezoelectric  ceramic  transducer  is  used 
because  its  sensitivity  is  the  greatest. 

Although  the  ratio  of  flexibility  about  the 
cylindrical  axis  to  flexibility  about  any 
perpendicular  axis  is  orders  of  magnitude 
greater  than  that  of  other  torque  sensors, 
the  piezoelement  must  still  be  protected 
from  small  residual  shear  stresses  caused 
by  spurious  (non-axial-torque)  loads.  The 
ball  bearings  in  the  load  cell  prevent  the 
transmission  of  shear  stress  to  the  piezo- 
element by  accommodating  the  small 
lateral  movements  induced  by  spurious 
loads.  The  ball  bearings  are  preloaded  by  a 
spring,  which  yields  when  the  load  on  the 
cell  approaches  the  maximum  safe  value 
for  the  piezoelement.  Any  further  increase 
in  load  then  bypasses  the  piezoelement 
and  is  borne  by  the  safety  flange. 

The  dimensions  of  the  cantilevers  are 
chosen  to  provide  the  required  stiffness 
and  flexibility  in  the  undesired  and  desired 
bending  modes,  respectively  The  design 
should  be  such  that  if  the  smallest  torque  to 
be  measured  were  borne  entirely  by  the 


cantilevers,  they  would  deflect  much  more 
than  the  piezoelements  would  if  the  same 
torque  were  applied  to  them.  When  this 
condition  is  satisfied,  the  piezoelements 
bear  most  of  the  torque  and  provide  most 
of  the  stiffness  for  the  transmission  of  the 
torque. 

This  work  was  done  by  Boris  J.  Lurie, 
J.  Alan  Schier,  and  Micliael  Socha  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

Tliis  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA 's  Resident  Office- 
JPL.  Refer  to  NPO-17461/TN. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Cfiapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
ti/lgr.  for  JPL:  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 


TORQUE  SENSOR  COUPLING 


Spring 
DETAIL  OF  LAUNCH  PROTECTION 


TORQUE  SENSOR 


The  Torque  Sensor  measures  and  transmits  torque  between  the  driving  and  driven  plates. 
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Pressure  Gauges  Monitor  Leakage  Past  Seals 

A  statistical  technique  extracts  additional  information  from  measurements. 


A  method  tias  been  devised  to  measure 
tine  leal<age  of  gas  past  eachi  of  two  sets  of 
primary  and  secondary  seals  into  a  com- 
mon volume  from  w/tiichi  tine  aggregate 
flow  can  be  measured.  Altfiough  ttie  metti- 
od  is  applicable  only  to  a  specific  combina- 
tion of  flow  configuration  and  thermal  con- 
ditions, it  serves  as  an  example  of  a  more 
general  approach  that  involves  the  use  of 
statistical  analysis  to  extract  additional  in- 
formation from  measurements. 

As  shown  in  the  figure,  gas  at  pressure 
P,.|  leaks  past  primary  seal  a.,  into  an  inter- 
seal  space  where  the  pressure  is  Pg^.  From 
there,  it  leaks  past  secondary  seal  b^  into  a 
fixed  volume  V,  where  the  pressure  is  P3. 
Similarly,  gas  at  pressure  Pj^  leaks  past 
primary  seal  aj  to  intermediate  pressure 
P22,  then  past  secondary  seal  O2  to  join  the 
other  leaked  gas  in  volume  V.  The  gas  then 
flows  from  V  through  flowmeter  c  into  a 
reservoir,  vacuum,  or  the  atmosphere  at 
pressure  P^.  All  of  the  pressures  are  meas- 
ured. In  the  case  of  P3,  the  rate  of  change  is 
also  measured. 

The  system  is  assumed  to  be  isothermal 
with  absolute  temperature  T,  and  the  flow 
past  each  seal  and  the  flowmeter  is  as- 
sumed to  obey  the  law  of  laminar,  steady 
flow  between  closely-spaced  parallel 
plates.  It  is  also  assumed  that  nowhere  in 
the  system  does  the  gas  condense  into  liq- 
uid. Under  these  conditions,  the  mass-flow 
rates  w,  indicated  on  the  figure  are  given  by 


w, 


w.. 


a,(P,^,-P,\)  =  b,{P^^-Pl) 
(P?i  ~ P22)  ~  ^2 ''22 ~  "3' 


'2V'^21 


w,  =  c(Pl-Pi) 
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The  Pressures  Are  Measured  on  both  sides  of  each  primary  and  secondary  seal  and  on  both 
sides  of  the  calibrated  restriction  c.  In  addition,  the  rate  of  change  of  pressure  in  the  conn- 
mon  volume  V  is  measured.  From  several  sets  of  these  measurements,  one  can  determine 
the  resistances  of  the  seals  and  the  rates  of  leakage. 


dm  _     V       dP^ 
dT   ~   AT"     "dT 

where  a^.  82,  b^  and  bj  are  the  unknown 
laminar-flow  resistance  coefficients  of  the 
seals  so  labeled;  c  is  the  laminar-flow  resis- 
tance coefficient  of  the  flowmeter  which  is 
known  from  the  calibration;  R  is  the  ideal- 
gas  constant;  m  is  the  mass  of  gas  in  vol- 
ume V;  and  f  =  time. 

Because  there  are  six  unknowns  and 
only  five  equations,  a  complete  solution 
cannot  be  obtained  from  a  single  set  of 
pressure  measurements.  However  the  so- 
lution can  be  completed  by  applying  the 
method  of  multiple  linear  regression  to  sets 
of  measurements  taken  at  different  pres- 
sures. For  the/th  set  of  measurements,  the 
following  quantities  are  defined: 

xi(/)  =  P.^iD-PliO.x^ii)  = 
P2'2(')-^i(0.andy(/)  = 

c[Pi(/)-P2(/)]  +  (U/fl7-)^* 


The  following  additional  quantities  are 
then  defined: 


S7(=I    x^(/)x^(/)andz^ 


x^(/)y(/) 


where  /  and  k  can  each  equal  1  or  2  and  m 
equals  the  number  of  sets  of  measure- 
ments. Then  the  result  of  the  linear-regres- 
sion analysis  is 

1    ~  (^22  ^1  ~  ^12^2'  '^11  ^22  ~  ^12*^21' 
^2  ~   (^11  ^2  ~  ^^21  ^1'  '^11 '^22  ""  ^12  ^21' 

These  estimates  of  b  ^  and  bj.  together  with 
the  equations  for  the  mass-flow  rates,  can 
be  used  to  determine  the  remaining  un- 
knowns a  1 ,  82,  w^ ,  and  Wj. 

This  work  was  done  by  Steven  A. 
Smith   of  Boeing  Aerospace   Co.    for 
Johnson  Space  Center. 
t\/lSC-21385/TN 
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Two  Tethered  Balloon 
Systems 

These  systems  take 
meteorological 
measurements  for  a  variety 
of  research  projects. 

A  report  describes  worl<  done  by  NASA 
Langley  Research  Center  in  atmospheric 
research  using  tethered  balloon  systems 
composed  of  commercially  available 
equipment.  Two  separate  tethered  balloon 
systems  described  in  the  report  have  pay- 
loads  and  configurations  tailored  to  the 
requirements  of  specific  projects.  Each 
system  is  capable  of  measuring  an  atmos- 
pheric parameter  or  species  in  situ  and 
then  telemetering  this  data  in  real  time  to  a 
ground  station.  Meteorological  data  and 
the  concentration  of  ozone  are  typically 
measured  w/ith  these  systems. 

The  two  systems  are  distinguishable  by 
their  sizes  among  other  characteristics. 
There  are  two  versions  of  the  large  system, 
in  which  the  balloons  differ  in  the  numt)er 
of  dilation  panels.  The  balloons  of  the  larger 
version  of  the  large  system  are  aerody- 
namically-shaped,  nonrigid  structures  con- 
forming to  a  modified  class  "C"  shape  with 
a  fineness  ratio  of  2.75  to  1. 

The  small  balloon  system  is  capable  of 
lifting  2.75  kg  of  payload  to  a  height  of  800 
m.  Four  channels  of  data  can  iDe  serially 
telemetered  to  the  ground  for  real-time  or 
postexperiment  analysis.  The  larger  bal- 
loon system  can  lift  45  kg  to  775  m  or  30  kg 
to  2,500  m.  The  telemetry  system  has  six 
channels  for  the  acquisition  of  data,  which 
are  stored  for  subsequent  analysis.  Any 
four  of  the  channels  can  be  displayed  in 
real  time.  The  tethered  balloons  can  be  sta- 


tioned at  a  set  altitude  or  moved  up  and 
down  at  a  rate  changing  from  0  to  45  m/ 
min. 

The  small  t^alloon  system,  used  primari- 
ly to  obtain  meteorological  and  ozone  data 
in  the  field,  consists  of  a  blimp-shaped 
balloon,  a  sensor  package,  an  electric 
winch  with  800  m  of  50-kg  test  line,  and  a 
ground  station  with  a  modified  HP-97  (or 
equivalent)  calculator  The  entire  system  is 
portable  and  designed  to  be  set  up  and 
operated  by  two  people.  Profiles  of  the  at- 
mosphere from  ground  to  800  m  and  re- 
turn can  be  taken  in  about  55  min.  Full- 
scale  synchronization  and  zero  references 
are  included  in  the  recorded  data  to  sim- 
plify interpretation  in  real  time  and  to  en- 
sure the  quality  of  data.  All  data  are  linear 
and  scaled  for  quick  interpretation  on 
charts. 

The  report  indicates  that  instrumented 
tethered  balloon  systems  have  distinct  ad- 
vantages over  other  systems  for  gathering 
data  on  the  troposphere.  For  example,  the 
balloon  systems  provide  both  vertical  and 
horizontal  variability  that  cannot  be  achieved 
with  ground-based  systems  and  do  not  suf- 
fer from  sampling  problems  caused  by  lack 
of  instrument  response  and  by  difficulties 
in  reconciliation  of  probe  losses  found  in  air- 
craft-based systems.  In  addition,  the  fre- 
quency-modulation sideband  configuration 
used  for  t-jlemetry  provides  for  simultane- 
ous multiple-parameter  measurements, 


and  the  real-time  capability  enables  re- 
searchers to  make  decisions  in  the  field 
during  experiments. 

This  work  was  done  by  Otto  Youngbluth, 
Thomas  L  Owens,  and  Richard  W.  Storey 
of  Langley  Research  Center.  Further  in- 
formation may  be  found  in  NASA  TM- 
83260  [N87-18936],  Price  Code:  A03 
"NASA  Langley  Research  Center 
Tethered  Balloon  Systems." 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling 
(800)  336-4700. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Langley  Research 
Center  Refer  to  LAR-13837/TN. 


Langley  Research  Ctr. 

Technology  Utilization 
Officer:  Jotin  Samos 
Mail  Stop  139A 
Hampton,  VA  23665 
(804)  864-2484 
Patent  Counsel: 
George  F.  Helfrich 
Mail  Code  279 
Hampton,  VA  23665 
(804)  864-3523 
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Using  Ruby  Balls  as  Fiducial  Marks 

A  combination  of  basic  and  advanced  techniques  yields  a  new  capability  for  inspection. 


A  tectnnique  for  ttie  measurennent  of 
small  flaws  on  [he  surfaces  of  bearings  in- 
volves the  use  of  ruby  balls  as  standards  of 
iengttn.  Heretofore,  styluses  witti  ruby  balls 
at  their  tips  have  been  used,  but  in  a  tactile 
nnethod  in  which  probes  are  moved  across 
suspect  areas  in  attempts  to  detect  de- 
fects by  feeling  them. 

In  the  new  technique,  a  surface  is  first 
inspected  with  fluorescent  penetrant  dye 
to  reveal  flaws.  A  ruby  ball  of  known  diame- 
ter is  placed  near  a  flaw  that  has  to  be 


measured.  The  flaw  and  ball  are  observed 
through  a  magnifying  video  system  that 
can  "freeze"  the  image. 

When  the  scene  is  illuminated  with  a  fil- 
tered borescope  light,  the  ruby  ball  ema- 
nates a  distinct  glow  that  can  be  seen  on 
the  video  monitor  Two  lines  are  drawn  on 
the  monitor  screen  to  enclose  the  image  of 
the  ball.  The  distance  between  the  lines  is 
measured  in  picture  elements,  and  the 
known  diameter  of  the  ball  is  divided  by  the 
distance  in  elements  to  obtain  the  scale 


length  (true  distance  per  picture  element) 
of  the  image.  Then  lines  are  drav^m  to  en- 
close the  flaw,  the  distance  between  these 
lines  is  measured  in  picture  elements,  and 
this  distance  is  multiplied  by  the  scale 
length  to  obtain  the  size  of  the  flaw. 

This  work  was  done  by  Nance  M.  Painter 
of  Rocl<well  International  Corp.  for  Mar- 
shall Space  Flight  Center.  No  further 
documentation  is  available. 
MFS-29394/TN 
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Visual-Inspection  Probe  for  Cryogenic  Chamber 

Parts  in  cold  environments  can  be  observed  fronn  annbient  tennperature. 


A  visual-inspection  probe  tinat  resem- 
bles a  borescope  enables  an  observer  at 
ambient  temperature  to  view  objects  im- 
mersed in  a  turbulent  flow  of  liquid  oxygen, 
liquid  nitrogen,  or  ottner  cryogenic  fluid. 
The  design  of  thie  prot^e  is  fairly  conven- 
tional for  suet?  a  device,  except  ttiat  special 
consideration  is  given  to  the  selection  of 
materials  and  to  thermal  expansion  to  pro- 
vide for  the  expected  range  of  operating 
temperatures. 

As  shown  in  the  figure,  the  inspection 
probe  is  mounted  in  a  hole  through  the  wall 
of  the  cryogenic  chamber,  aimed  at  the  ob- 
ject or  region  to  be  viewed.  A  similar  probe, 
equipped  with  a  source  of  light  instead  of 
viewing  optics,  is  mounted  in  another  hole 
to  illuminate  the  field  of  view. 

A  quartz  lens  is  sealed  in  the  end  of  the 
probe  that  is  inserted  in  the  chamber.  The 
side  of  the  lens  inside  the  probe  is  purged 
with  a  dry  gas  to  prevent  the  accumulation 
of  frost.  The  view  is  displayed  on  a  video 
monitor. 

This  work  was  done  by  Steve  Friend, 
James  Valenzuela,  and  Jay  Yoshinaga  of 
Parker   Hannifin    Corp.    for   Johnson 
Space  Center. 
I^SC-21444/TN 


The  Inspection  Probe  Penetrates  the  Wall  of 

a  cryogenic  chamber  to  provide  a  view  of 
the  interior  A  similar  probe  illuminates  the 
scene. 


Viewing 
Probe 


lluminating 
Probe 


Cryogenic  Chamber 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 

Accurate  Emissions  Analyses  Are  Aim  Of  Gas  Standards 

Enforcement  agencies  at  the  federal,  state,  and  local  levels  regularly  survey 
outdoor  pollution  levels  by  measuring  exhaust  emissions  from  cars,  trucks,  and 
other  vehicles.   Environmental  concentrations  of  the  gases  propane,  carbon 
monoxide,  and  carbon  dioxide  are  key  components  of  such  a  survey.   The 
reliability  of  these  studies  depends  on  how  well  laboratory  instruments  work  and 
how  accurate  analytical  methods  are.   NIST  is  now  offering  four  different 
standard  reference  materials  (SRMs)  that  can  help  ensure  measurement  reliability. 
Each  certified  to  contain  a  specified  concentration  of  the  three  gases  in 
nitrogen,  these  SRMs  can  be  used  to  calibrate  analytical  instruments  and  to  check 
laboratory  methods.   By  running  a  sample  from  one  of  the  SRMs  through  an 
instrument,  a  chemist  can  compare  the  results  with  the  concentrations  listed  for 
the  SRM  to  determine  instrument  accuracy. 

FOR  ADDITIONAL  INFORMATION:   The  SRMs,  numbers  2725-2728,  are  available  for  $870 
each  from  the  Office  of  Standard  Reference  Materials,  NIST,  Rm.  204,  Bldg.  202, 
Gaithersburg,  Md.  20899;  telephone:   301/975-6776. 
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CHEMFLO:  One-Dimesional  Water  and  Chemical 
Movement  in  Unsaturated  Soils 


Introduction 

Understanding  the  movement  of  water 
and  chemicals  into  and  through  soils  is  of 
great  importance  in  managing,  utilizing, 
and  protecting  our  natural  resources. 
These  processes  are  very  dynamic, 
changing  dramatically  over  time  and 
space.  Soil  properties,  chemical  prop- 
erties, and  water  and  chemical  appli- 
cation rates  interact  in  complex  ways 
within  the  soil  system  to  determine  the 
direction  and  rate  of  movement  of  these 
materials.  Researchers  have  worked 
many  years  to  understand  the  physical 
and  chemical  mechanisms  responsible 
for  the  movement  of  these  materials. 
They  have  developed  mathematical 
models  describing  these  processes  and 
compared  the  predictions  of  these 
models  with  field  and  laboratory  meas- 
urements. The  resulting  mathematical 
models  form  a  basis  for  predicting  the 
behavior  of  water  and  chemicals  in  soils. 

The  full  manual  describes  a  software 
system  designed  to  enable  persons  to 
define  water  and  chemical  movement 
systems,  to  solve  the  mathematical 
models,  and  to  display  the  results  of  the 
simulations  in  graphical  and  tabular 
forms.  This  software  expands  on  that  of 
Nofziger^  by  reducing  limitations  in 
simulating  water  movement,  adding 
chemical  movement,  and  expanding  the 
graphical  and  tabular  output  options.  The 
manual  describes  the  mathematical 
models  used  in  the  software  and  their 
limitations.  The  computer  hardware  and 
software  required  are  then  described. 
Simulations  for  several  flow  systems  are 
included  as  the  use  of  the  software  is 
described.  Other  features  of  the  software 
are  then  illustrated.  Finally,  a  set  of 
numerical  experiments  is  included.  These 
experiments  are  designed  to  illustrate 
flow  and  transport  in  different  types  of 
soil  systems  and  to  enable  users  to 
assess  the  importance  of  different  soil 
properties  and  other  physical  and  chem- 
ical parameters  upon  water  and  chemical 
movement. 

The  software  is  intended  for  use  by 
students,  regulators,  consultants,  scien- 
tists, and  persons  involved  in  managing 
water  and  chemicals  in  soil  who  are 
interested   in   understanding   unsaturated 


flow  and  transport  processes  A  limited 
amount  of  technical  terminology  is  used 
in  the  software  and  manual,  but  the  user 
need  not  understand  the  mathematics  of 
the  model  in  order  to  effectively  use  the 
software.  As  is  the  case  m  any  model,  the 
user  is  urged  to  become  familiar  with  the 
limitations  of  the  model  and  to  assess 
their  significance  for  the  situation  of 
interest  before  using  it  for  decision 
making. 


Conclusions 

An  interactive  software  system  was 
developed  to  enable  decision-makers, 
regulators,  policy-makers,  scientists,  con- 
sultants, and  students  to  simulate  the 
movement  of  water  and  chemicals  in 
unsaturated  soils.  Water  movement  is 
modeled  using  Richards^  equation. 
Chemical  transport  is  modeled  by  means 
of  the  convection-dispersion  equation. 
These  equations  are  solved  numerically 
for  one-dimensional  flow  and  transport 
using  finite  differences.  Results  of  the 
water  model  can  be  displayed  in  the  form 
of  graphs  of  water  content,  matric 
potential,  driving  force,  conductivity,  and 
flux  density  of  water  versus  distance  or 
time.  Graphs  of  concentration,  and  flux 
density  of  chemical  as  functions  of 
distance  or  time  can  also  be  displayed. 
Cumulative  fluxes  of  water  and  chemical 
and  total  mass  of  chemical  in  the  soil  can 
be  displayed  as  functions  of  Lime. 
Tabular  outputs  are  also  available.  The 
full  manual  presents  the  mathematical 
equations  and  the  numerical  techniques 
used  in  the  software.  Limitations  of  the 
model  are  presented  Instructions  for 
installing  the  software  on  your  computer 
are  given  along  with  illustrations  of  its 
use.  Finally,  a  set  of  numerical  exper- 
iments are  presented  to  enable  the  user 
to  gain  an  understanding  of  the  dynamic 
processes  involved  in  water  movement 
and  chemical  transport  in  soils.  The 
software  was  written  for  use  with  IBM 
compatible  microcomputers  with  640  K 
bytes  of  random  access  memory,  two 
floppy  disk  drives  or  one  floppy  disk  and 
one  fixed  disk,  or  CGA.  EGA,  or  VGA 
graphics  cards,  and  an  80x87  math 
coprocessor. 
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VMS  Uses  PDES  to  Integrate  CAD/CAM 


During  the  past  year  researchers  at 
the  AMRF's  Vertical  Workstation 
(VWS)  have  been  demonstrating  the 
use  of  Product  Data  Exchange  Speci- 
fication (PDES)  to  integrate  commer- 
cial CAD  systems  with  NIST-devel- 
oped  CAM. 

The  steps  to  that  integration  are: 

1 .  A  part  is  designed  on  a  commer- 
cial CAD  system  using  solid  modeling. 

2.  A  boundary  representation  of  the 
part  in  AMRF  standard  format  is  ex- 
tracted from  the  CAD  representation 
by  a  facility  built  by  AMRF  researcher 
James  Fowler.  This  facility  has  been 
integrated  with  the  CAD  software  and 
runs  on  a  CAD  station.  (AMRF  format 
designs  can  be  extracted  from  sev- 
eral commercial  CAD  systems  using 
different  utilities.) 

3.  The  AMRF  boundary  represen- 
tation file  is  transferred  to  a  worksta- 
tion and  converted  into  a  PDES/STEP 
boundary  representation  file  by  the 
"stepparse"  facility  built  by  AMRF  re- 
searchers Tina  Lee  and  Sanford 
Ressler. 

4.  The  PDES/STEP  boundary  rep- 
resentation file  is  converted  into  a 
feature-based  design  file  by  a  feature 
recognition  system  called  the  "VWS2 
B-rep  Parser"  built  by  AMRF  re- 
searcher Thomas  Kramer  (who  wrote 
most  of  the  other  VWS  software). 

5.  A  process  plan  for  the  VWS  ma- 
chining center  is  generated  automati- 
cally by  the  VWS  Process  Planning 
Module  from  the  feature-based  de- 
sign file  and  a  tool  catalog. 


6.  An  NC-program  for  the  VWS  ma- 
chining center  is  generated  automati- 
cally by  the  VWS  Data  Execution 
Module  from  the  feature-based  de- 
sign file,  the  process  plan,  and  a  cur- 
rent tooling  database. 

7.  A  workstation-level  process  plan 
for  the  Vertical  Workstation  is  used  by 
the  VWS  controller,  built  by  AMRF 
researcher  Jau-Shi  Jun,  to  load  a  part 
blank,  download  the  NC-program  to 
the  controller  for  the  machining  cen- 
ter, cut  the  part,  and  unload  the  part. 

The  process  may  be  started  any- 
where from  step  1  through  5.  For  ex- 
ample, data  for  a  Navy  pipe  clamp  was 
entered  in  AMRF  format  directly  using 
a  text  editor.  Thus,  the  process  for  the 
pipe  clamp  started  with  step  4. 
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CA&CAM  INTEGRATION  IN  TTIE  VERTICAL  WORKSTATION 

Parts    were    first    made    by   this 
method  in  September  1988.    During 
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the  October  1988  Automation  Open 
House,  copies  of  five  different  parts 
were  made  repeatedly  from  PDES/ 
STEP  boundary  representation  files 
by  executing  steps  4  through  7  auto- 
matically following  a  single  command 
from  the  VWS  control  system.  Work- 


piece  selection  and  design  reformat- 
ting were  done  automatically  follow- 
ing step  4. 

Recently  researchers  at  other  insti- 
tutions have  followed  suit  and  an- 
nounced systems  which  produce 
parts  from  PDES/STEP  files. 


FOR  ADDITIONAL  INFORMATION:  A  copy  of  the  report  is  available  from  NTIS,  Springfield,  VA 
22161;    (703)487-4600. 

NTIS  order  number:    PB  89  160  634 

Price  code:  A03 

To  discuss  this  effort  further,  contact:    Thomas  Kramer,  AMRF  Project,  Building  220  -  Room 
A-127,  National  Institute  of  Standards  &  Technology,  Gaithersburg,  MD  20899;  (301)975-3518. 
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Press  Dry  Papermaking 

More  than  half  of  the  wood  harvested  in  the  United 
States  ends  up  in  the  production  of  paper  or  paperboard 
products.  The  high-strength  paper  used  in  corrugated 
containers,  such  as  linerboard,  has  historically  been  pro- 
duced from  the  long,  easily  bonded  fiber  of  softwood 
species  (primarily  southern  pines  and  Douglas-fir).  How- 
ever, the  vast  resource  of  hardwoods  in  the  United  States 
could  also  be  the  raw  material  for  the  production  of  liner- 
board  and  other  packaging  grades.  Hardwood  species  oc- 
cupy 55  percent  of  the  forested  land  in  the  United  States 
but  account  for  only  25  percent  of  the  country's  forest 
products. 

Researchers  at  the  Forest  Products  Laboratory  (FPL) 
have  developed  a  concept  for  drying  paper  called  press 
drying.  It  overcomes  the  traditional  problems  of  lowered 
burst  strength  and  slow  wire  drainage  in  the  production 
of  linerboard  from  hardwoods. 

In  conventional  papermaking,  heat  and  pressure  are  ap- 
plied separately  to  a  wet  fiber  web  of  wood  pulp.  In  press 
drying,  heat  and  pressure  are  applied  simultaneously  to 
the  wet  web.  This  forces  fibers  into  close  contact,  incrccis- 
ing  conformability  of  the  fiber  and,  thus,  fiber-to-fiber 
bonding.  The  heat  and  pressure  also  promote  natural 
polymer  flow  of  the  hemicelluloses  and  lignin  on  the  fibers 
surface.  Hemicellulose  flow  promotes  increased  strength 
of  the  press-dried  web  and  lignin  flow  promotes  increased 
moisture  resistance  of  the  dried  web. 

Press  drying  has  resulted  in  exceptional  gains  in  burst- 
ing strength  and,  more  importantly,  exceptional  increcises 
in  compressive  strength  of  linerboard  made  from  100 
percent  hardwood  fiber.  FPL  researchers  successfully 
produced  press-dried  linerboard  on  a  slow-speed  experi- 
mental press  dryer  using  various  high-yield,  high-freeness 
pulps  from  different  hardwood  species.  Press  drying  has 
also  successfully  produced  recycled  multi-ply  boxboard 
and  linerboard  from  recycled  corrugated  containers.  Cur- 
rent press  drying  research  focuses  on  the  potential  of 
making  newsprint  from  high-yield  hardwood  mechanical 
pulp. 

The  largest  single  use  of  wood  fiber  in  United  States  to- 
day is  for  wood  pulp,  which  creates  an  industrial  demand 
for  over  80  million  cords  of  wood  per  year.  Press  drying 


FPL  press  drying  pioneers  Roy  Benson  (left)  and 
Vance  Setterbolm  examine  a  corrugated  container 
made  from  press-dried  components. 

opens  this  market  to  hardwoods,  ofl'ering  an  avenue  for 
solving  hardwood  underutilization  in  the  United  States. 
The  press  drying  concept  will  produce  high-strength  pa- 
pers from  either  softwoods  or  hardwoods,  creating  a  new 
generation  of  fiber  products  in  which  the  hardwoods  and 
softwoods  are  more  nearly  interchangeable. 

For  more  information  contact: 

Vance  C.  Setterbolm,  Assistant  Director 

Forest  Products  Laboratory 

One  GifTord  Pinchot  Drive 

Madison,  \VI  53705-2398 

(608)  231-9478 
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CTMP  Press  Drying 
Computer  Model 

Research  at  the  Forest  Products  Laboratory  (FPL) 
established  the  potential  for  using  hardwood  chemi- 
thermomechanical  pulp  (CTMP)  in  conjunction  with  the 
FPL  press  drying  papermaking  technique  to  produce  a 
linerboard  for  corrugated  boxes.  The  press-dried  CTMP 
linerboard  is  comparable  in  quality  with  conventional  un- 
bleached kraft  linerboard.  Unbleached  kraft  pulping  uses 
mostly  softwoods  and  currently  accounts  for  roughly  one- 
third  of  all  pulpwood  consumed  in  the  U.S.  pulp  and 
paper  industry. 

The  CTMP  process  offers  several  advantages  over  the 
traditional  process.  The  CTMP  process  requires  one- 
third  less  pulpwood  to  yield  the  same  quantity  of  pulp 
and  has  much  lower  capital  investment  costs  than  con- 
ventional kraft  pulping.  Although  the  higher-yield  me- 
chanical pulps,  such  as  CTMP,  have  been  regarded  as 
weak,  the  FPL  press  drying  process  overcomes  this  limi- 
tation, producing  a  high-strength  sheet  even  from  hard- 
wood CTMP. 

A  disadvantage  of  CTMP  is  the  high  eneigy  require- 
ment for  mechanical  refining.  CTMP  press  drying  could 
be  developed  for  commercial  application  and  have  pro- 
found economic  consequences.  However,  technical  ques- 
tions about  the  economic  feasibility  of  the  overall  process 
remain. 

To  address  these  questions,  economists  at  the  FPL  mod- 
eled the  economic  performance  of  a  future  CTMP  press 
drying  process.  The  computer  model  includes  soft- 
ware for  multivariate  stochastic  simulation  and   deals 


with  numerous  process  variables.  Because  of  uncertainty 
about  commercial  application  and  future  economic  cir- 
cumstances, some  of  these  variables  are  treated  as  ran- 
dom in  their  possible  outcomes.  These  variables  are  rep- 
resented in  the  simulation  as  probability  distributions  of 
expected  outcomes.  Some  of  these  same  variables  are  cor- 
related, and  the  model  includes  eissumptions  regarding 
correlation  coefficients  among  the  variables. 

Multivariate  simulation  derives  a  probability  distribu- 
tion for  the  expected  economic  performance  of  the  future 
technology.  The  result  shows  how  the  variability  and 
correlation  among  underlying  technical  cissumptions  will 
influence  the  range  and  likelihood  of  possible  economic 
outcomes. 

The  study  is  scheduled  for  completion  in  1990.  Results  of 
the  simulation  analysis  will  be  published,  and  should  in- 
terest researchers  and  technologists  in  the  pulp  and  paper 
industry.  The  computer  simulation  software  will  also  be 
made  available,  including  generally  applicable  software 
for  multivariate  stochastic  simulation.  The  multivariate 
stochastic  simulation  hcis  broader  applications  of  interest 
to  economists  in  forest  products  and  forestry  research. 

For  additional  information,  contact: 

Peter  Ince 

Economist 

Forest  Products  Laboratory 

One  Gifford  Pinclwt  Drive 

Madison,  WI  53705-2398 

(608)  231-9364 
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Rounding  and  Aligning  Tubes  for  Butt  Welding 

An  easy-to-use  tool  helps  to  ensure  a  solid,  reliable  joint. 


A  tool  similar  to  an  automobile-tailpipe 
expander  corrects  out-of-roundness  in 
tubes  before  tfiey  are  butt-welded  and 
holds  ttie  tubes  in  position  during  welding. 
Aftenward,  tine  tool  can  be  collapsed  for  ex- 
traction from  ttne  tubing. 

An  operator  inserts  the  tool  —  possibly 
at  the  end  of  a  long  alien  wrench  —  into 
the  abutting  tubes  so  that  its  expansion 
shoes  straddle  the  joint  (see  figure).  Using 
the  alien  wrench,  the  operator  turns  the  ad- 
justing screw  to  push  the  expansion  shoes 
outward  against  the  tubes.  The  shoes 
deform  the  ends  of  the  tubes  slightly,  mak- 
ing them  almost  perfectly  round  and  align- 
ing the  axes.  TTie  joint  between  the  tubes 
can  then  be  welded  from  the  outside. 

When  the  weld  has  been  completed,  the 
operator  turns  the  alien  wrench  in  the  op- 
posite direction.  The  shoes  collapse  in- 
ward until  they  are  reduced  in  diameter 
sufficiently  to  permit  the  tool  to  be  with- 
drawn easily  from  the  tube  through  which  it 
was  inserted. 

This  work  was  done  by  Richard  H. 
Burley  and  Glenn  H.  Burow  of  Roclmell  In- 
ternational Corp.  for  Marshall  Space 
Right  Center.  No  further  documentation 
is  available. 
MFS-29363/TN 


Adjusting 
'Screw 

-Tube  1 


Expansion 
'Shoes 


0-Rings  To  Hold 
Expansion  Shoes 
On  Conical  Weld 


"Tube  2 


TUBE  SHAPER 


Two  Tubes  are  rounded  and  aligned  with  each  other  by  the  expansion  shoes.  After  use,  the 
shoes  are  retracted  so  that  the  tool  can  be  withdrawn,  even  through  a  tube  narrower  than  its 
mate. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division.  P.O.  Box  8757, 
BW!  Airport.  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUtVlBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Dummy  Cup  Helps  Robot-Welder  Programmers 

A  cheap  copy  is  substituted  for  an  expensive  cup  when  collisions  are  likely. 


A  dummy  gas  cup  is  used  on  the  torch  of 
a  robotic  welder  during  programming  and 
practice  runs.  Made  of  metal  or  plastic  (see 
figure),  the  dummy  cup  is  inexpensive  and 
durable.  It  can  withstand  bumps  caused  by 
programming  errors,  and  it  can  be  sized  for 
special  welding  jobs  within  limited  clear- 
ances. 

After  the  robot  has  been  satisfactorily 
programmed,  the  dummy  cup  is  replaced 
by  a  ceramic  cup  of  the  same  dimensions 
for  actual  welding.  The  robot  can  then 
move  through  its  welding  procedure  with- 
out damaging  the  costly  and  fragile  ceram- 
ic cup. 


Programming  is  done  more  quickly  with 
the  dummy  cup.  The  programmer  does  not 
have  to  be  concerned  with  bumping  the 
cup  and  can  therefore  program  with  great-  Ceramic  Cup 

er  speed  and  confidence.  ('°''  weiding)^ 

This  work  was  done  by  Stephen  S.  \ 

Gordon  of  Rockwell  International  Corp.  for 
Marshall  Space  Flight  Center.  No  fur- 
ther documentation  is  available. 
MFS-29499/TN 

The  Dummy  Cup  Has  the  Same  Size  and  )  K 

Shape  as  those  of  the  real  ceramic  cup. 
This  dummy  cup  is  machined  from  alumi- 
num and  anodized  with  a  black  finish. 


Dummy  Cup 
(for  Programming) 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 

BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Development  of  Advanced 
Welding  Control  System 

Sensors  and  adaptive 
control  would  be  integrated 
into  the  system. 

A  report  descrilDes  tine  development  of  a 
next-generation  control  system  for  vari- 
able-polarity plasma  arc  (VPPA)  welding. 
WInen  fully  developed,  \he  system  Is  ex- 
pected to  Incorporate  advanced  sensors 
and  adaptive  control  of  the  position  of  and 
the  current  in  the  welding  torch. 

Much  of  the  reported  work  centered  on 
the  development  of  a  thorough  understand- 
ing of  the  interrelationships  among  various 
welding  parameters.  This  Involved  experi- 
ments to  acquire  data  on  the  following: 

•  The  effects  of  the  rate  of  flow  of  shielding 
gas  on  the  voltage,  plasma  pressure,  and 
heat  imparted  to  the  workpiece; 

•  The  effect  of  the  frequency  duration,  and 
amplitude  of  reverse  current  on  the  clean- 
ing actbn  and  the  dimensions  of  the  weld 
band; 

•  The  response  and  sensitivity  of  a  plasma- 
pressure  sensor  at  various  distances  from 
the  body  of  the  welding  torch;  and 

•  The  maintenance  of  a  constant  distance 
between  the  torch  and  the  workpiece  and 
the  related  effects  on  the  size  of  the  weld 
keytiole,  arc  voltage,  and  other  parame- 
ters. 

In  addition,  telephone  surveys  were  con- 


ducted to  determine  the  commercial  ac- 
ceptability of  the  conceptual  control  sys- 
tem. 

The  information  in  this  data  base  was 
used  to  evaluate  advanced  sensor  tech- 
nologies for  the  applicability  to  the  control 
of  the  VPPA  welding  process.  Although 
thermography  was  found  to  offer  the  po- 
tential for  the  greatest  amount  of  informa- 
tion from  one  sensor,  the  high  reflectivity  of 
the  metal  workpiece  creates  problems  that 
make  this  technique  impractical  for  pro- 
duction at  present  and  limits  it  to  special- 
ized applications  in  the  detection  of 
misalignment,  misclamping,  and  unknown 
heat  sinks.  Other  sensors  were  found  to  be 
more  suitable  for  specific  tasks;  e.g.,  a 
laser-based  subsystem  to  track  the  weld 
seam. 

Research  on  the  control  system  focused 
upon  a  commercial  computer  system  that 
provides  for  multiple  processors,  a  variety 
of  commercial  input/output  interface  cir- 
cuits, and  great  flexibility  in  configuration. 
The  basic  computer  equipment  supports 
the  continuing  development  of  sensing  and 
control  equipment  and  computer  pro- 
grams. Control  of  the  VPPA  welding  proc- 


ess by  schedule,  including  the  tracking  of 
the  weld  seam  by  the  Incorporation  of  sen- 
sor data  Into  an  adaptive  control  scheme, 
has  been  denx)nstrated. 

This  work  was  done  by  General  Digital 
Industries,  Inc.,  for  Marshall  Space 
Flight  Center.  "Prototype  Demonstration 
of  a  Next  Generation  Welding  Control 
System." 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center.  Refer  to 
MFS-26106/TN. 


George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Leon  D.  Wofford,  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0024 
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Resistance  Welder  Using  480-Vac  Ground-Fault  Interrupter 

Safety  and  the  quality  of  weld  joints  would  be  enhanced. 


The  use  of  ground-fault  interrupters  in 
ttie  480-Vac  power  supplies  of  portable  re- 
sistance welding  machines  has  been  pro- 
posed. Such  welding  machines  are  now 
not  equipped  with  ground-fault  interrupters 
even  though  they  are  used  outdoors  and  in 
factory  areas  where  power  cables  are  sub- 
ject to  damage;  for  example,  by  being  run 
over  by  forklifts  and  other  heavy  vehicles. 

For  safety,  ground-fault  interrupters  are 
included  in  the  power  circuits  of  most 
heavy  electrical  equipn'ient  used  outdoors. 
The  use  of  a  ground-fault  interrupter  with  a 
welder  (see  figure)  would  not  only  enhance 
safety  but  would  also  help  assure  the  quali- 
ty of  welds,  in  that  internal  damage  in  a 


main  power  cable  that  is  still  covered  by  in- 
sulation can  cause  defective  welds,  and  a 
ground-fault  interrupter  can  detect  such 
damage. 
This  work  was  done  by  Steven  W.  Huston, 


Ralph  E.  Kroy,  and  Douglas  I.  Macfarlane 
of  Rockwell  International  Corp.  for  Mar- 
shall Space  Flight  Center.  No  further 
documentation  is  available. 
MFS-29582/TN 
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A  Ground-Fault  Interrupter  could  enhance  safety  and  the  quality  of  welds  by  detecting  dam- 
age in  the  long  power  cable  to  a  portable  resistance  welder. 
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Camera  Would  Monitor  Weld-Pool  Contours 

The  weld  pool  would  be  illuminated  and  viewed  coaxially  along  the  welding  torch. 


A  proposed  monitoring  subsystem  for 
an  arc  welder  would  provide  an  image  in 
wtiicfi  the  liorizontal  portions  of  tfie  surface 
of  the  weld  pool  are  hiigtiligtited.  Ttie  pro- 
posed subsystem  differs  from  two  ottier  de- 
velopmental contour-monitoring  subsys- 
tems, one  of  winich  measures  the  angle  of 
reflected  light  to  analyze  the  contour  at  one 
point  at  a  time  and  the  other  of  which  uses 
reflections  of  light  at  various  angles  from 
an  array  of  point  sources.  In  the  proposed 
subsystem,  the  weld  pool  would  be  il- 
luminated and  viewed  along  the  axis  of  the 
welding  torch.  This  configuration  would 
ease  somewhat  the  interpretation  of  the 
image  data  and  would  confine  the  viewing 
optics  to  a  small  package  close  to  the  weld, 
enabling  use  in  applications  in  which  visual 
access  would  othenwise  be  restricted. 

A  collimated  beam  of  light  from  a  pulsed 
laser  would  strike  a  beam  splitter  which 
would  reflect  the  beam  down  along  the 
axis  of  the  torch  onto  the  weld  pool  (see  fig- 
ure). Where  the  surface  of  the  pool  is 
horizontal  or  nearly  so,  it  would  reflect 
some  of  the  light  back  through  the  beam 
splitter  to  a  video  camera.  Thus,  the  hori- 
zontal or  nearly  horizontal  parts  of  the  sur- 
face of  the  weld  pool  would  appear  bright 
in  the  image.  Because  little  light  from  the 
other  parts  of  the  surface  would  reach  the 
camera,  those  parts  would  appear  dark. 
The  positions  of  the  camera  and  the  laser 
can  be  interchanged  from  those  shown  in 
the  figure,  provided  that  the  thick  beam 
splitter  is  replaced  by  a  pellicle  beam  split- 
ter or  coated  on  one  surface  to  eliminate 
spurious  reflections. 

The  lower  part  of  the  figure  gives  ex- 
amples of  images  representative  of  three 
typical  weld-pool  surfaces.  The  number 
sizes,  positions,  and  relative  movements  of 
the  bright  rings  could  be  processed  by  an 
image-analyzing  subsystem  to  infer  the 
surface  contour  of  the  pool  and,  thus,  the 
characteristics  of  the  weld.  For  example,  a 
distinct  bright  ring  as  shown  in  the  middle  il- 
lustration may  be  a  good  indication  of  full 
penetration  of  the  weld,  and  the  diameter 
of  the  ring  may  indicate  the  width  of  the 
back  bead. 

The  monitoring  and  analyzing  subsys- 
tems could  be  integrated  into  the  overall 
control  system  of  a  robotic  welder.  The 
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Note:  Broad  arrows  indicate  the  portions  of  reflected  light 
that  are  seen  in  the  images. 

TYPICAL  IMAGES  IN  CAMERA 


The  Wold  Pool  Would  Be  Illuminated  with  pulsed,  collimated  laser  light  and  viewed  along  the 
vertical  axis  of  illumination.  Only  horizontal  and  nearly  horizontal  parts  of  the  surface  of  the 
weld  pool  would  appear  bright  in  the  image  seen  by  the  camera. 


control  system  would  set  the  welding  pa- 
rameters (current,  vertical  position,  speed, 
and  the  like)  to  adapt  to  changing  condi- 
tions, maintaining  the  surface  contour  that 
gives  the  desired  pattern  of  reflections. 
This  function  could  be  combined  with  the 
developmental  through-the-torch  seam- 
tracking  function,  which  can  derive  feed- 


back signals  from  the  same  coaxial  view. 
This  work  was  done  by  Stephen  S. 
Gordon  and  David  A.  Gutowof  Rockwell  In- 
ternational Corp.  for  Marshall  Space 
Right  Center.  No  further  documentation 
IS  available. 
f^FS-29450/JN 
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Automatic  Calibration  of  iVIanual  IVIachine  Tools 

A  modified  scheme  uses  data  from  multiple  positions  and  eliminates  tedious  positioning. 


Tne  rrxxjificatiori  of  a  computer  program 
adapts  a  calibration  system  for  convenient 
use  with  manually-controlled  machine  tools. 
Developed  for  use  on  computer-controlled 
tools,  the  utimodified  laser-interferometry 
system  requires  that  the  machine-tool  axis 
be  set  precisely  and  repeatedly  at  each  of 
30  or  more  predetermined  target  positions. 
Such  repetitive  positioning  —  often  to 
within  one  resolution  element  of  0.0001 
inch  1,0.025  millimeter)  —  is  readily  done 
by  numerical  control  on  an  automatic  ma- 
chine, but  is  tedious  and  time  consuming 


on  a  manual  lathe,  milling  machine,  or  jig 
borer. 

Accordingly,  an  option  was  added  to 
the  calibration  program  to  allow  data  on 
random  tool-axis  positions  to  be  entered 
manually  into  the  computer  for  reduction. 
Instead  of  setting  the  axis  to  the  predeter- 
mined positions,  the  operator  merely  sets  it 
at  a  variety  of  arbitrary  positions. 

At  each  point,  the  operator  notes  the  po- 
sition or  dimension  indicated  on  the  dial  of 
the  tool  and  enters  that  value  into  the  com- 
puter. The  interferometer  also  measures 


the  position.  The  computer  compares  the 
entered  value  with  the  measured  value  and 
calculates  the  error  and  the  variance  of  the 
error.  The  computer  combines  the  calcula- 
tions for  all  the  data  points  and  determines 
the  uncertainty  in  the  indicated  position  for 
the  region  of  axis  travel  covered  by  the 
points. 

This  work  was  done  by  Rex  D.  Gurney  of 
Rockwell  international  Corp.  for  Marshall 
Space  Flight  Center.  No  further  docu- 
mentation is  available. 
t^FS-29380/TN 
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Ground-Sensing  Circuit  for  Arc  Welders 

An  open-circuit  detector  prevents  arc  burns  at  loose  ground  connections. 


A  ground-sensing  circuit  for  an  arc- 
welding  power  supply  prevents  arc  burns 
at  loose  ground  connections  on  tfie  work- 
piece.  This  circuit,  which  is  an  advanced 
version  of  a  circuit  reported  in  a  prior  issue 
of  NASA  Tech  Briefs,  can  be  used  with  an 
ac  supply  or  a  dc  supply  of  either  polarity. 
For  protective  redundancy  the  welding 
power  supply  is  connected  to  the  work- 
piece  via  lour  ground  leads;  if  any  of  these 
connections  is  broken,  the  protective  cir- 
cuit switches  off  the  input  power. 

The  ground-sensing  circuit  (see  figure) 
is  connected  to  the  input  power  line,  the 
welding  power  supply  and  each  of  the  four 
ground  leads.  Each  ground  lead  is  con- 
nected to  the  power-supply  ground  via  a 
pair  of  oppositely  polarized  diodes  con- 
nected in  parallel.  The  diodes  are  mounted 
on  heat  sinks,  and  each  is  rated  to  with- 
stand the  full  welding  current  up  to  300  A. 

The  ground-sensing  circuit  includes  four 
oscillator/detector  pairs.  The  operating  fre- 
quencies of  the  pairs  are  selected  in  the 
ratios  of  1,  3,  5,  and  7  to  prevent  harnnonic 
interference  among  the  pairs.  Each  oscilla- 
tor is  transformer-coupled  to  its  detector. 
These  transformer  couplings  also  isolate 
the  oscillators  and  detectors  from  the 
welding  ground  leads.  Each  of  the  two 
leads  between  the  oscillator  transformer 
and  the  detector  transformer  in  each  oscil- 
lator/detector pair  is  connected  to  a  weld- 
ing ground  lead. 

As  long  as  both  ground  leads  in  a  pair  re- 
main attached  firmly  to  the  workpiece,  the 
transformer  coupling  is  shorted  through 
the  workpiece,  and  the  detector  receives 
little  or  no  signal  from  the  oscillator.  How- 
ever, if  either  connection  to  the  workpiece 
is  broken,  then  the  short  across  the  trans- 
former coupling  is  replaced  by  the  re- 
sistance of  two  sets  of  diodes  in  series. 
Athough  this  resistance  is  small,  it  is  suffi- 
cient to  allow  a  detectable  signal  to  reach 
the  detector. 

The  circuit  is  equipped  with  the  custom- 
ary safety-oriented  relay  logic;  that  is,  the 
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The  Ground-Sensing  Circuit  includes  oscillator/detector  pairs  that  are  normally  short- 
ed out  by  the  ground  connections  to  the  workpiece.  When  one  or  more  of  these  four 
connections  is  broken,  one  or  more  oscillator  signals  is  applied  across  the  power  di- 
ooes  and  is  detected.  The  detected  oscillator  signal  trips  a  shutoff  relay 


relay  for  the  mam  power  switch  is  con- 
nected in  series  with  several  other  relay 
switches,  the  opening  of  any  of  which 
signals  a  failure  of  some  kind  and  causes 
the  main  power  to  be  shut  off.  When  a 
"start"  button  is  pushed,  the  system  tests 
itself  to  verify  that  all  power  supplies,  oscil- 
lators, and  detectors  are  operating;  then 
the  safety  relays  are  energized,  and  main 
power  is  applied.  Thereafter,  the  power  re- 
mains on  as  long  as  all  four  oscillator 
signals  are  shorted  out.  However,  if  any  of 
the  oscillator  signals  becomes  detectable 


during  operation,  signifying  the  loss  of  at 
least  one  ground  connection,  one  of  the 
safety  relays  is  tripped. 

This  work  was  done  by  Richard  K. 
Burley  of  Rockwell  International  Corp.  for 
Marshall  Space  Flight  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel. 
Marshall  Space  Flight  Center.  Refer  to 
MFS-29455/TN. 
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U.S.  Air  Force  Fact  Sheet 


Aluminum  Alloys  for  High  Temperature  Service 


Results  of  studies  under  way  for  several  years  at  Northwestern 
University  directed  toward  the  exploration  of  aluminum-base  alloys 
for  service  at  temperatures  up  to  800  F  are  described  in  an  Air 
Force  Office  of  Scientific  Research  technical  report.  Two  types 
of  dispersion  strengthened  alloys  were  judged  to  show  promise.  The 
first  alloy  consisted  of  an  aluminum-magnesium  alloy  matrix  re- 
inforced with  magnesium  aluminatc  spinel.  This  alloy  was  prepared 
by  mechanical  mixing  of  alloy  and  spinel  particles  followed  by  heat- 
ing above  the  melting  point  of  the  aluminum  alloy  to  augment  in- 
filtration. The  alloy  was  compared  with  aluminum-alumina  metal 
matrix  materials  prepared  in  a  similar  manner.  The  alloy  was  found 
to  exhibit  appreciably  better  creep  resistance  at  770  F  than  the 
oxide-containing  alloy.  The  distribution  of  spinel  particles  within 
the  alloy  was  also  more  uniform.  The  second  alloy  was  produced 
from  melt  spun  ribbon.    The  composition  of  the  melt  was  adjusted 


so  as  to  result  in  Al3(Zr,V)  or  .■\l3(Zr,Ti)  dispersed  phases.  .Al- 
though both  intermetallics  were  extremely  stable  at  high  tempera- 
tures and  were  judged  to  be  attractive  candidates  for  dispersion 
strengthening  of  aluminum,  Al3{Zr,Ti)  dispersed  phase  appeared 
to  be  the  more  promising  of  the  two.  The  latter  phase  was  suf- 
ficiently ductile  that  alloys  containing  up  to  30  volume  percent 
dispersed  phase  could  be  cold  rolled. 


FOR  ADDITIONAL  INFORMATION:  A  copy  of 
the  report  is  available  from  NTIS, 
Springfield,    VA    22161;     (703)487-4600. 

NTIS    order    number:    AD-A204162NAC 

Price    code:       A05 
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NIST  Announces  New  Portland  Cement  Standards 


A  new  series  of  Standard  Reference  Materials  (SRMs)  has  been  developed  by  NIST 
for  the  producers  and  users  of  Portland  cement.   SRMs  1884-1889  are  used  in 
analyzing  the  composition  of  Portland  cement  by  instrumental  and  chemical 
analysis.   The  new  series  of  SRMs  replaces  the  630  series  of  materials  and  covers 
the  same  nominal  range  of  concentrations  of  certified  constituents.   Information 
on  each  of  the  new  SRMs  and  their  certified  constituent  properties  and  percent  by 
weight  is  available  from  the  Office  of  Standard  Reference  Materials  (OSRM) . 
Available  for  $98  a  unit,  each  SRM  consists  of  3  sealed  vials,  each  containing 
approximately  5  grams  of  material. 

FOR  ADDITIONAL  INFORMATION:   To  order  SRMs  1884-1889,  contact:   OSRM,  NIST,  Rm. 
204,  Bldg.  202,  Gaithersburg,  Md.  20899;  telephone:   301/975-OSRM (6776) ,  FAX: 
301/948-3730. 
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Microporous  Fumed-Silica  Insulation 


Microporous  f umed-silica  insulation  consists  principally  of  extremely  fine 
particles  (-10  nm)  of  amorphous  silica  and  fine  ceramic  fibers,  forming  a  light 
rigid  board  of  extremely  low  thermal  conductivity  (of  the  order  of  20  mW/mxK) . 
The  low  conductivity  is  a  result  of  the  very  small  pore  size  and  tortuous 
conduction  paths  of  both  solid  and  gaseous  components  of  the  bulk  material.   This 
material  has  been  previously  issued  as  a  NIST  standard  reference  material  for 
thermal  resistance  at  temperatures  below  330  K,  and  will  be  certified  for  its 
apparent  thermal  conductivity  at  temperatures  from  318  to  733  kelvins  (45  to  460 
degrees  Celsius)  and  air  pressures  from  26.7  to  83.5  kilopascal  (200  to  626 
Torr)  . 

FOR  ADDITIONAL  INFORMATION:   A  report  describing  these  studies,  Microporous 
Fumed-Silica   Insulation   as   a   Standard  Reference  Material    of   Thermal   Resistance 
(NISTIR  89-3919) ,  is  available  from  the  National  Technical  Information  Service, 
Springfield,  Va .  22161. 

NTIS  order  number:   PB#90-130311/NAS 

Price  code:   A04 
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Borate  Technology  Transfer 

Borate-based  preservatives  are  a  potentially  signincant 
addition  to  the  arsenal  of  treatments  that  extend  the 
service  life  of  wood  used  outdoors  and  above  ground.  Be- 
cause of  their  low  toxicity  to  humans,  borates  can  also 
be  used  with  structural  timbers  and  indoors  and  do  not 
require  pressure  treatment.  They  are  one  of  the  many 
wood  treatment  techniques  available  to  help  extend  the 
increasingly  valuable  U.S.  timber  supply. 


These  test  structures  in  Mississippi  are  part  of  an 
evaluation  of  borate- treated  building  components. 

Mississippi  State  University,  Oregon  State  University, 
and  the  USDA  Forest  Service,  through  its  Southern  Poor- 
est Experiment  Station  and  Southern  Region,  are  cooper- 
ating to  distribute  information  about  borates.  A  technol- 
ogy transfer  plan  called  "Borates  for  Wood  Protection" 
documents  their  plans  for  disseminating  this  knowledge 
through  1993.  A  limited  number  of  copies  are  available 
from  USDA  Forest  Service,  Forest  Pest  Management, 
2500  Shrcveport  Highway,  Pineville,  LA  71360. 


Much  of  the  knowledge  about  borates  gained  through 
research  is  ready  for  application  and  is  already  being 
demonstrated  in  test  houses  at  two  Mississippi  locations. 
Additional  test  houses  are  planned  for  the  Virgin  Islands 
and  Puerto  Rico.  Further  demonstrations  are  being  con- 
sidered for  other  parts  of  the  United  States  through  the 
National  Parks  &  Recreation  Association. 

Videotapes  on  basic  borate  technology  are  available  from 
USDA  Forest  Service,  Forest  Pest  Management,  P.O.  Box 
2680,  Asheville,  NC  28802.  They  are  currently  produc- 
ing videotapes  on  treatment  of  fence  posts,  treatment  of 
southern  yellow  pine,  and  the  construction  of  the  test 
houses.  A  brochure  will  accompany  the  yellow  pine  and 
test  house  tape.  A  national  conference  on  treatment  of 
wood  with  diffusible  preservatives  is  planned  for  Novem- 
ber 28-30,  1990,  in  Ncishville,  Tennessee.  About  250  par- 
ticipants are  expected.  The  goal  of  the  conference  is  to 
present  the  benefits  and  limitations  of  this  technology  to 
the  wood-using  industry. 

For  additional  information,  contact: 

David  B.  Drummond,  Field  Office  Representative 

Forest  Pest  Management 

2500  Sbreveport  Highway 

PineviUe,  LA  71360 

(318)  473-7286 

William  H.  Sites,  Plant  Pathologist 
Forest  Pest  Management 
P.O.  Box  2680 

Asheville,  NC  28802 
(704)  257-4326 

Lonnie  il.  Williams,  Project  Scientist 
Forestry  Sciences  Laboratory 
Box  2008  GMF 
Gulfport,  MS  39503 
(601)  864-3461 
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Eradicating  Decay  in 
Exterior  Timbers 

Large,  exterior  structural  timbers  are  usually  pressure 
treated,  but  deep  seasoning  checks  can  develop  that  pen- 
etrate the  treated  shell.  Water  for  the  growth  of  decay 
fungi  is  trapped  in  the  checks,  and  the  result  is  interior 
decay. 


Decay  originates  in  deep  seasoning  checks. 

Preservatives  applied  by  ordinary  flooding  from  a  brush 
or  spray  penetrate  the  wood  only  slightly  and  so  cannot 
stop  this  decay.  Research  at  the  Forest  Products  Labo- 
ratory has  shown  that  fumigants  such  as  Vapam  (sodium 
N-methyl  dithiocarbamate),  chloropicrin  (trichloronito- 
methane),  and  methylisothiocyanate  (MIT)  applied  to 
holes  drilled  in  the  timbers  and  plugged  can  stop  internal 
decay. 

Before  applying  the  fumigant,  timbers  must  be  inspected 
thoroughly  to  determine  drilling  patterns  that  avoid 
metal  fasteners,  seasoning  checks,  and  severely  rotted 
wood.  Holes  are  drilled  straight  down  to  within  about 
1  inch  of  the  bottom  and  can  be  clustered  in  the  top  or 
in  pairs. 

Treatment  holes  should  be  no  more  than  4  feet  apart. 
The  amount  of  chemical  needed  and  the  size  and  number 
of  treating  holes  required  depends  on  timber  size.  For 
example,  a  7-  by  8-inch  timber  can  be  protected  by  ap- 
plying 0.13  pint  (60  ml)  of  Vapam  or  chloropicrin  into 
four  equally  spaced  holes  above  a  decayed  area. 


Treating  holes  should  be  situated  on  both  sides  of  checks. 


Liquid  fumigants  can  be  squirted  into  the  holes  with 
a  1-pint  polyethylene  squeeze  bottle.  Solid  fumigants 
can  be  applied  with  a  special  device  that  does  not  ex- 
pose the  applicator  to  the  chemical.  The  treater  nnist 
wear  protective  clothing  and  work  upwind  of  the  timber 
being  treated.  Immediately  after  adding  the  fumigant, 
the  holes  are  plugged  with  preservative-treated  dowels 
or  rubber  stoppers.  Enough  room  must  be  left  in  the 
treating  holes  so  that  the  plugs  can  be  driven  in  without 
squirting  the  chemical. 

Eventually,  these  fumigants  lose  effectiveness  and  retreat- 
ment  is  necessary.  When  this  happens  varies.  Chloropi- 
crin will  remain  effective  for  10  or  more  years  whereas  Va- 
pam and  MIT-treated  timbers  need  retreatment  in  about 
5  years. 

The  use  of  trade  or  firm  names  is  for  reader  information 
and  does  not  imply  endorsement  by  the  U.S.  Department 
of  Agriculture  of  any  product  or  service. 

For  additional  information,  contact: 
Terry  Highley,  Research  Plant  Pathologist 
Forest  Products  Laboratory 
One  Gifford  Pinchot  Drive 
Madison,  WI  53705-2398 
(608)  231-9254 
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This  document  reports  research  involving  pesticides. 
It  does  not  contain  recommendations  for  their  use,  nor 
does  it  imply  that  the  uses  discussed  here  have  been 
registered.   All  uses  of  pesticides  must  be  registered  by 
appropriate  State  and/or  Federal  agencies  before  they 
can  be  recommended.   Follow  recommended  practices 
for  the  disposal  of  surplus  pesticides  and  pesticide 
containers. 
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Finishing  Wood  Exteriors 
in  the  South 

Wood's  ability  to  take  and  hold  a  variety  of  finishes  makes 
it.  a  very  versatile  material.  It  is  widely  used  outdoors 
for  siding,  decking,  fencing,  and  other  architectural  pur- 
poses. Finishes  used  include  clear  ones  that  reveal  and 
accentuate  the  natural  beauty  of  wood,  stains  that  im- 
part a  rustic  api)earance,  and  paint  of  every  conceivable 
color.  Many  of  these  finishes  can  be  changed  to  provide 
a  new  color  or  appearance  as  desired. 

Climate  is  very  important  in  determining  how  long  wood 
and  finished  wood  will  last  outdoors.  The  high  tempera- 
tures and  humidities  and  abundant  rainfall  of  the  soutli- 
ern  United  States  are  particularly  hard  on  outdoor  wood. 
Such  exposure  can  increase  wood  deterioration,  cause  de- 
cay, and  promote  the  growth  of  discoloring  mildew  on 
wood  and  finished  wood  surfaces.  Thus,  special  finishing 
requirements  must  be  addressed  if  wood  used  in  southern 
exposures  is  to  perform  to  its  best  advantage. 


Research  at  the  Forest  Products  Laboratory  (FPL)  has 
developed  recommended  procedures  to  ensure  maximum 
service  life  and  desired  esthetic  qualities  for  various  wood 
product/finish  combinations.  To  aid  southern  wood 
users,  the  FPL,  working  with  the  Southern  Region  of 
the  IJSDA  Forest  Service  and  the  Cooperative  Exten- 
sion Service,  developed  an  extensive  technology  transfer 
plan.  The  program  seeks  to  assist  researchers  and  ex- 
tension specialists  at  several  southern  universities  in  pro- 
viding wood  finishing  information  aimed  at  the  unique 
problems  of  the  South.  Training  seminars  for  wood  tech- 
nologists and  extension  specialists  are  being  developed 
to  assist  those  professionals  in  answering  the  questions. 
Pamphlets,  books,  video  tapes,  and  slide/tapes  on  all 
aspects  of  exterior  wood  finishing  arc  also  being  devel- 
oped and  will  be  distributed  through  the  Cooperative 
Extension  Service  at  participating  universities. 

For  additional  information,  contact: 

William  C.  Feist 

Project  Leader  and  Research  Chemist 

Forest  Products  Laboratory 

One  GifTord  ]^inchot  Drive 

Madison,  \VI  53705-2308 

(608)231-9197 

References 
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Ptoiict  fniisliitig  is  essential  in  high-moisture  climates. 
For  examj>le,  Sample  A  was  treated  with  a  water-repellent 
j)reservative  and  then  painted,  while  Sample  D  was  not 
treated  before  painting.    Both  treatments  were  weathered 
for  5  Years. 
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Performance  of  FRT  Wood 
Under  High  Temperatures 

Building  codes  and  insurance  companies  permit  fire- 
retardant-treated  (FRT)  wood  to  be  used  in  structures 
as  an  alternative  to  noncombustible  materials.  However, 
under  some  rather  specific  circumstances,  fire-retardant- 
treated  plywood  used  as  roof  sheathing  has  weakened 
significantly.  The  problem,  most  common  in  the  east- 
ern United  States,  has  sometimes  required  costly  roof 
replacement. 

Researchers  at  the  Forest  Products  Laboratory  are  begin- 
ning to  understand  the  origin  of  the  problem.  The  very 
reaction  that  makes  fire  retardants  efTective  also  causes 
them  to  degrade  the  wood.  The  combination  of  elevated 
roof  temperatures  caused  by  solar  radiation,  chemicals, 
and  moisture  can  prematurely  activate  the  fire  retardant 
to  do  what  it  is  designed  to  do:  lower  the  temperature  at 
which  thermal  degradation  occurs.  This  causes  the  wood 
to  become  dark  and  brittle  and  to  crumble  easily. 


No   o*   idvb 


Samples  treated  with  fire-retardant  chemicals  darken  and 
become  brittle  when  exposed  to  high  temperatures. 


Researchers  at  the  Forest  Products  Laboratory  are  re- 
searching variables  that  influence  such  strength  degra- 
dation. The  variables  include  fire-retardant  formulation, 
temperature,  and  moisture  content  of  the  wood. 

In  initial  tests,  specimens  were  treated  with  fire-retardant 
chemicals,  kiln  dried,  exposed  to  elevated  tempera- 
tures for  difi"erent  durations,  and  then  tested  by  static 
bending  procedures.  After  160  days  of  constant  expo- 
sure to  temperatures  of  180  degrees  Fahrenheit,  most 
fire-retardant  chemicals  caused  significant  reductions  in 
strength  properties;  at  temperatures  of  130  degrees 
Fahrenheit,  strength  reductions  for  most  chemicals  were 
not  significant. 

FPL  has  published  a  report  that  provides  guidelines  to 
architects,  design  engineers,  builders,  and  others  who 
must  be  aware  of  the  potential  problem.  Choosing  and 
Applying  Fire-Retardant-Treated  Plywood  and  Lumber 
for  Roof  Designs,  FPL-GTR-62,  describes  what  is  known 
about  FRT  plywood  and  the  variables  suspected  of  con- 
tributing to  its  strength  degradation.  It  also  discusses 
the  research  in  progress  and  provides  guidelines  on  the 
selection  and  use  of  FRT  plywood  in  the  design  of  roof 
systems. 

Copies  of  the  report  are  available  from  the  Information 
Group,  Forest  Products  Laboratory,  One  Gifford  Pinchot 
Drive,  Madison,  WI  53705-2398,  (608)  231-9200. 

For  additional  information,  contact: 

Susan  L.  LeVan 

Chemical  Engineer 

Forest  Products  Laboratory 

One  Gifford  Pinchot  Drive 

Madison,  WI  53705-2398 

(608)  231-9273 
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Protecting  Wood  from  Humidity 

Whether  indoors  or  outdoors,  wood  is  always  afTected  by 
moisture.  Wood  swells  when  it  gets  wet  and  shrinks  a.s  it 
dries,  whether  the  moisure  is  liquid  water  like  rain  or  dew 
or  just  high  humidity.  But,  wood  coated  with  the  right 
finishes  will  be  less  affected  than  wood  left  completely 
unfinished. 

Tests  conducted  at  the  Forest  Products  Laboratory 
(FPL)  on  the  moisture-excluding  effectiveness  of  finishes 
on  wood  surfaces  show  that  no  coating  applied  on  wood 
entirely  prevents  it  from  picking  up  moisture  in  high 
humidity  or  giving  off  moisture  in  low  humidity.  Re- 
searchers did  find  that  the  moisture-excluding  effective- 
ness of  wood  finishes  varied  greatly.  Some  were  very  good 
to  excellent,  some  were  poor,  and  many  were  in-between. 
Best  effectiveness  was  found  when  three  coats  of  finish 
were  applied  to  the  wood  surface. 


Moisture-exchiding  effectiveness  (MEE) 

of  wood  finishes  (3  coats  after  14  days 

at  90%  relative  humidity) 


Finish 


MEE 


Melted  paraffin  wax  (one-coat  dipped)  95 

Two-component  epoxy/polyamide  87 
gloss  paint 

Aluminum-pigmented  polyurethane  84 
gloss  varnish 

Soya-tung  alkyd  satin  enamel  80 

Pigmented  flat  shellac  73 

Two-component  polyurethane  63 
wood  sealer 

Orange  or  white  shellac  46 

Phenolic/tung  floor  sealer  35 

Paste  wax  1 

Linseed  oil  0 


Several  factors  determine  how  effective  a  finish  will  be  in 
controlling  moisture.  One  is  film  thickness.  Generally, 
the  more  coats  applied,  the  slower  the  moisture  changes 
and  the  greater  the  protection.  A  second  factor  is  the 
type  of  finish  used.  Pigmented  coatings  such  as  oil-based 
paints  are  usually  more  effective  in  retarding  moisture 
changes  than  clear  coatings  such  as  varnishes  and  shel- 
lacs. A  third  factor  is  time.  Even  good  coatings  lose 
their  effectiveness  over  time.  The  longer  the  exposure, 
the  lower  the  effectiveness.  Finally,  finishes  will  protect 
wood  from  moisture  only  when  applied  evenly  to  all  wood 
surfaces.  Unequal  coatings  on  the  surfaces  of  a  wood 
piece  may  cause  unequal  shrinkage  and  lead  to  warp. 

Controlling  moisture  is  very  important  in  using  wood  in- 
doors as  well  as  outdoors.  The  information  developed 
on  moisture  exclusion  should  be  helpful  in  determining 
which  finish  should  be  u.sed  for  a  particular  need.  This 
information  is  particularly  valuable  to  furniture  finishers 
or  to  anyone  wishing  to  protect  wood  from  iiigh  or  low 
humidity. 

For  additional  information,  contact: 

William  C.  Feist 

Project  Leader  and  Research  Chemist 

Forest  Products  Laboratory 

One  GifTord  Pinchot  Drive 

Madison,  WI  53705-2398 

(608)231-9497 
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Low-Density,  Sprayable,  Thermal  Insulation 

An  improved  formulation  prevents  cracks. 


A  low-density,  thermally  insulatirig  ma- 
terial is  applied  by  spraying  it  onto  tine  sur- 
face to  be  protected.  The  material,  called 


"MSA-2"  is  an  improved  version  of  a  simi-  bonded  cork  as  an  ablative  insulating  ma- 
lar material  called  "MSA-1."  In  turn,  MSA-1  terial  on  the  Solid  Rocket  Booster  of  the 
was  designed  for  use  in  place  of  manually       Space  Shuttle.  MSA-2  may  also  be  useful 
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This  Robotic  System  Sprays  MSA-2  insulation  onto  a  workpiece  as  it  rotates  on  the  turntable.  The  mixture  is  recirculated  between  the  spray 
gun  and  the  mixer. 
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as  sprayed,  lightweight  insulation  to  cover 
large  areas  in  terrestrial  applications  in 
which  manual  attachment  would  be  too 
slow  or  otherwise  impractical. 

In  the  situation  for  which  MSA-2  was  form- 
ulated, it  was  desired  to  apply  MSA-1  to  a 
thickness  of  Vi  in.  (13  mm).  However, 
MSA-1  cracks  at  coating  thicknesses 
greater  than  %  in.  (6  mm).  The  MSA-2  is 
formulated  to  be  more  flexible  than  MSA-1 
is,  to  prevent  coats  as  thick  as  Vi  in.  from 
developing  stress  cracks  as  they  cure.  The 
table  shows  the  ingredients  of  MSA-1  and 
MSA-2.  The  MSA-2  is  made  more  flexible 
by  two  major  changes:  First,  15  percent  of 
the  phenolic  microballoons  are  replaced 
by  an  equal  volume  fraction  of  ground 
cork.  Second,  the  epoxy-modified  polyure- 
thane-resin  binder  is  replaced  by  a  flexibil- 
ized  epoxy-resin  binder 

The  methylene  chloride  and  perchloro- 
ethylene  solvents  serve  as  a  carrier  for  the 
sprayable  mixture.  The  high  volatility  of  the 
methylene  chloride  causes  most  of  it  to 
evaporate  from  the  spray  and  thereby 
causes  the  mixture  to  begin  to  thicken 
before  the  spray  hits  the  surface.  The 
lower  volatility  of  the  perchloroethylene 
protects  against  excessive  dryness  during 
application.  A  small  amount  of  ethyl  al- 
cohol activates  the  clay  for  control  of  vis- 
cosity. 

The  figure  illustrates  a  robotic  system 
that  mixes  and  sprays  the  ingredients.  Typ- 
ically insulation  Vi  in.  (13  mm)  thick  would 
be  sprayed  onto  a  substrate  in  Vt.-\n. 
(6-mm)  layers  with  a  delay  of  as  much  as  1 


MSA-1 
Major  Component 

Weight  Percent 

Phenolic  Microballoons 

Hollow  Glass  Spheres 

Chopped  Glass  Fibers 

Milled  Glass  Fibers 

Epoxy-Modified  Polyurethane 
Resin  and  Catalyst  (Crest 
7343  and  7199  or  Equivalent) 

Clay  (Bentone  27  or  Equivalent) 

37.7 

12.6 

1.3 

3.1 

41.9 

3.5 

MSA-2 
Major  Components 

Weight  Percent 

Phenolic  Microballoons 
Hollow  Glass  Spheres 
Chopped  Glass  Fibers 
Milled  Glass  Fibers 
Ground  Cork 
Epoxy  Resin  and  Catalyst 

(EC2216A  and  EC2216B, 

or  Equivalent) 
Clay  (Bentone  27  or  Equivalent) 

32.88 

12.89 

1.29 

3.33 

3.12 

43.04 

3.55 

Solvents  for  MSA-1  and  MSA-2 

WeightPercent 

Ethanol 

Methylene  Chloride 
Perchloroethylene 

^1 
~55 

~44 

i 


The  Ingredients  of  MSA-2  Insulation  make  it  more  flexible  than  MSA-1  is,  so  that  MSA-2  can 
be  applied  in  thicker  layers  without  cracking. 


h  between  applications.  The  cured  MSA-2 
has  a  flatwise  tensile  strength  of  60  to  80 
psi  (0.41  to  0.55  MPa)  at  a  temperature  of 
75  °F  (24  °C),  a  density  of  16  to  18  Ibm./ft3 
(256  to  288  kg/m3),  and  a  thermal  conducti- 
vity of  0.4  to  0.5  BtU'in./(ft2.h.  °F)  [58  to  72 
mW/m*  °C].  The  cured  MSA-2  also  has  low 
flammability. 


This  work  was  done  by  James  P. 
McLemore,  William  E.  Norton,  Joe  D. 
Lambert,  William  G.  Simpson,  Sherman 
Echols,  Max  H.  Sharpe,  and  William  E. 
Hill  of  Marshall  Space  Flight  Center. 
MFS-28372/TN 
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Superplastically  Formed  Titanium  Hat-Stiffened  Panels 

Beading  increases  the  critical  buckling  strain. 


Recent  advances  in  the  superplastic 
forming  of  sonne  nnetals  tnave  made  it  possi- 
ble to  fabricate  new  shapes.  Superplastic 
forming  enables  the  design  of  structures 
that  use  mass  more  efficiently.  Parts  that 
have  intersecting  compound  contour  sur- 
faces can  be  made;  it  would  be  impossible 
to  fabricate  such  parts  by  more  conven- 
tional methods. 

Four  hat-stiffened  titanium  panels  with 
two  different  stiffener  configurations  were 
fabricated  by  superplastic  forming  and 
weld  brazing  and  were  tested  under  mod- 
erately heavy  compressive  loads.  The 
panels  had  ttie  same  overall  dimensions 
but  differed  in  the  shape  of  the  hat  stiffener 
webs;  three  panels  had  stiffeners  with  flat 
webs,  and  the  other  panel  had  stiffeners 
with  beaded  webs.  The  two  configurations 
were  made  in  the  same  basic  mold,  start- 
ing with  sheets  of  the  same  nominal  thick- 
ness. The  panels  were  short  enough  to  pre- 
vent general  buckling. 

The  hat-stiffened  panel  shown  in  Figure 
1  is  typical  of  an  aircraft  structure.  The 
primary  function  of  the  material  in  the  webs 
of  the  hat  stiffener  is  to  support  the  load- 
carrying  caps.  For  this  purpose,  the  webs 
should  be  made  as  thin  as  possible,  yet 
have  enough  bending  stiffness  to  provide 
adequate  support  for  the  caps.  For  a  panel 
with  stiffener  caps  and  webs  made  from  a 
single  sheet  of  material,  the  requirement 
for  thin  webs  conflicts  with  the  requirement 
for  a  cap  with  high  local  buckling  strain. 
Beads  in  the  stiffener  webs,  shown  in 
Figure  2,  increase  their  transverse  bending 
stiffness  to  provide  more  support  for  the 
cap  and  produce  a  web  with  a  high  local 
buckling  strain. 

A  general  panel-sizing  computer  code 
was  used  to  evaluate  the  mechanical 
responses  of  the  conventional  and  beaded 
hat-stiffened  panels.  Analysis  indicated 
that  the  local  buckling  strains  of  the  flat  stif- 
fener webs  were  considerably  lower  than 
the  general  buckling  strains  of  the  panels 
or  the  buckling  strains  of  the  caps.  The 
analysis  also  showed  that  when  the  webs 
of  the  hat  stiffeners  are  beaded,  they 
cease  to  be  the  critical  elements  for  local 
buckling,  and  the  buckling  strains  of  the 
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Buckling  Load 

OVERVIEW  OF  PANEL 
NINE  STIFFENERS  WIDE 


Figure  1  Geometric  Details  of  a  Conventional  Hat-Stiffened  Panel  are  shown,  with  dimen- 
sions In  Inches. 


panels  are  increased.  The  analytical  pre- 
diction that  the  beaded  webs  would  in- 
crease the  local  buckling  strengths  of  the 
panels  by  13  percent  was  verified  by  the 
results  of  tests.  The  predicted  extension 
stiffnesses  and  failure  loads  also  com- 
pared very  welt  with  the  results  of  ex- 
periments. 

This  work  was  done  by  Randall  C.  Davis, 
Dick  M.  Hoyster,  and  Thomas  T  Bales  of 
Langley  Research  Center  Further  infor- 


mation may  be  found  in  NASA  Tfvl-88989 
[N87-18n9].  Price  Code:  A02  ■■Analysis 
and  Test  of  Superplastically  Formed 
Titanium  Hat-Stiffened  Panels  Under 
Compression. ' ' 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service. 
Springfield.  Virginia  22161.  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling 
(800)  336-4700.    LAR-13814/TN 
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Figure  2.  The  Beaded  Hat-Stiffened  Panel  has  higher  critical  buckling  strain  than  does  the 
conventional  hat-stiffened  panel.  Dimensions  are  in  inches. 
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Electrochemical  Study  of 
Corrosion  of  Painted  Steel 

Resistor-and-capacitor  circuit 
models  represent  evolving 
properties  of  coated 
specimens. 

Electroctnemical  experiments  on  ttie 
corrosion  of  painted  4130  steel  are  de- 
scribed in  a  report.  This  study  is  part  of  a 
general  development  of  ttie  ac-impedance 
method  for  measurement  of  the  properties 
of  coated  metals. 

specimens  of  the  bare  or  painted  steei 
were  exposed  for  30  to  60  days  to  an 
aqueous  solution  of  3.5  percent  NaCI  buff- 
ered at  pH  5.4.  Every  2  days,  the  ac  im- 
pedance of  each  specimen  in  the  solution 
w/as  measured  as  a  function  of  frequency 
from  1  mHz  to  90  l<Hz.  The  dc  polarization 
resistance  was  also  measured. 

Two  equivalent  circuits  developed  as 
mathematical  models  of  the  ac  electrical 
properties  of  the  corroding  metal/paint 
system  consist  of  fairly  simple  combina- 
tions of  resistors  and  capacitors.  By  a 
least-squares  procedure,  values  of  the 
resistances  and  capacitances  were  fitted 
to  the  impedance-versus-frequency  data 
for  each  specimen  at  each  measurement 
interval,  so  that  the  evolution  of  the  proper- 
ties of  each  corroding  surface  could  be 
characterized. 


Two  different  types  of  specimen  were 
tested  during  each  of  three  phases  of  the 
study.  In  phase  I,  the  steel  was  coated  with 
zinc-rich  primer  0.8  mil  (0.02  mm)  thick  or 
red  lead  oxide  primer  0.6  mil  (0.015  mm) 
thick.  In  phase  II,  the  coat  was  either  0.6 
mil  zinc-rich  primer  with  0.7  mil  (0.018  mm) 
epoxy/polyamide  topcoat  or  0.5  mil  (0.013 
mm)  red  lead  oxide  primer  with  0.7  mil  top- 
coat. In  phase  III,  the  coat  was  either  1.6 
mils  (0.04  mm)  zinc-rich  primer  with  2.3 
mils  (0.06  mm)  topcoat  or  1.9  mils  (0.05 
mm)  red  lead  oxide  primer  with  2.6  mils 
(0.07  mm)  topcoat.  For  comparison,  an  un- 
coated  specimen  was  also  tested. 

The  ac-impedance  method  proved  ef- 
fective in  the  evaluation  of  specimens  in  all 
three  phases.  The  dc  method  was  useful 
for  the  specimens  of  phase  I  (primer  only) 
and  correlated  well  with  the  ac  method  for 
those  specimens.  The  dc  method  did  not 
work  well  for  specimens  of  phase  III.  The 
newer  and  more  complicated  one  of  the 
two  equivalent-circuit  models  gave  an  ex- 
ceptional fit  to  the  impedance  data,  and  the 
value  of  one  of  the  capacitors  in  this  nnodel 


was  found  to  be  directly  proportional  to  the 
rate  of  corrosion. 

In  phase  I,  the  zinc-rich  primer  gave  the 
best  protection.  In  phase  II,  the  specimens 
with  the  zinc-rich  primer  failed  first;  hydro- 
gen evolved  in  the  primer,  causing  blisters 
in  the  topcoat.  In  phase  III,  both  combina- 
tions of  primer  and  topcoat  continued  to 
protect  the  steel  adequately  during  the  en- 
tire time  of  immersion,  though  both  lost 
electrical  resistance  (indicating  some  de- 
terioration). Overall,  it  appears  that  both 
primer/topcoat  combinations  are  ade- 
quate and  neither  is  preferred  over  the 
other,  as  long  as  the  primer  and  topcoat 
have  adequate  thicknesses. 

This  work  was  done  by  M.H.  Mendrek, 
R.H.    Higgins,    and   M.D.    Dan  ford   of 
Marshall  Space  Flight  Center. 
MFS-27213/TN 
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Survey  of  Infrared- 
Absorbing  Coatings 

Carbon  black  and 
silicon  carbide  grit  are 
low  reflectance  additives 

A  report  presents  the  results  of  a  sur- 
vey of  candidate  nnaterials  for  use  as  at- 
tenuators of  stray  radiation  in  far-infra- 
red telescopes.  More  than  40  reflectance 
spectra  at  17°  incidence,  in  the  wave- 
length range  fronn  20  to  500  ^nn,  w/ere  ob- 
tained from  a  variety  of  coatings,  binders, 
and  additives. 

Coaling  specimens  were  prepared  on 
optically  flat  pieces  of  6064-T6  aluminum, 
2.5  by  2.5  by  0.32  cm.  Liquid  coatings  were 
applied  in  drops,  then  smoothed  to  uniform 
thickness  with  a  modified  razor  blade. 
Powder  coatings  were  chopped  or  fluffed 
with  a  razor  blade,  then  spread  with  a 
broad  blade.  Some  solid  coatings  (glass 
microballoons  and  SiC  grit)  could  be 
spread  smoothly  by  surface  tension  of  a 
few  drops  of  propanol.  Each  solid  coating 
was  bound  to  the  substrate  with  a  thin, 
dilute  insulating  varnish  that  produced  no 
detectable  infrared  absorption  in  the 
amount  used. 

The  thicknesses  of  the  coatings  were 
measured  with  a  microscope  and  a  com- 
parator. Roughnesses  were  measured  op- 
tically and  with  a  profilometer.  A  Fourier- 
transform  interferometer  was  equipped 
with  three  beam  splitters,  two  light  sources, 
and  two  photodetectors  to  measure  over- 


lapping reflectance  spectra  that,  together, 
covered  the  full  spectral  range. 

Some  additives  alone  or  in  combination 
with  certain  binders  exhibited  specular 
reflectances  less  than  0.1  at  all  wave- 
lengths of  interest:  these  include  carbon 
black;  No.  180  SiC  grit;  No.  80  SiC  grit; 
Black  Suede  binder  consisting  of  black  iron 
oxide  in  polyurethane,  with  carbon  black 
and  No.  80  SiC  grit;  Chemglaze  Z-306  bind- 
er consisting  of  carbon-black-pigmented 
polyurethane,  with  No.  80  SiC  grit;  and 
ECP-2200  binder  consisting  of  jagged  sili- 
ca particles  in  a  silicone  binder  containing 
a  proprietary  black  dye,  with  carbon  black 
and  No.  80  SiC  grit.  The  SiC  particles  are 
believed  to  enhance  attenuation  by  impart- 
ing roughness  to  the  surface  and  by  scat- 
tering the  incident  radiation  into  the  bulk  of 
the  coating,  thereby  increasing  the  optical 
path  length. 

Other  coating  materials  that  were  test- 
ed include  an  electroless  nickel  plate  with 
nitric  acid  etch,  a  graded-index-of-refrac- 
tion  polyurethane  coating,  nylon  flock,  and 
TIBr  powder.  In  addition,  DeSoto  Black  (or 
equivalent)  carbon-black-pigmented  poly- 
urethane shows  promise  as  a  binder,  pos- 
sibly as  a  replacement  for  Black  Velvet  (or 
equivalent). 


This  work  was  done  by  Sheldon  M. 
Smith  of  Ames  Research  Center  and 

Richard  V.  l-lowitt  of  Teietrac,  Inc.  Further 
information  may  be  found  in  NASA  TM- 
880204  [N88-28757],  Price  Code:  A03 
"Survey  of  (Material  for  an  Infrared- 
Opaque  Coating." 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling 
(800)  336-4700. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Ames  Research  Center.  Refer  to 
ARC-11767/TN. 


Ames  Research  Ctr. 

Technology  Utilization 
Officer:  Laurance  Milov 
Mail  Code  223-3 
MoHett  Field,  CA  94035 
(415)  694-4044 
Patent  Counsel: 
Darrell  G.  Brekke 
Mail  Code  200-1 1 
Moffett  Field,  CA  94035 
(415)  694-5104 
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Predicting  Pressure  Drop  in  Porous  IVIateriais 

Methodology  to  predict  flow  under  Shuttle  Orbiter  tiles  is 
applicable  to  other  porous  and  fibrous  materials. 


The  thermal-protection  system  (TPS)  of 
the  Space  Shuttle  Orbiter  includes  a  strain- 
isolatbn  pad  (SI  P)  between  the  tiles  and  the 
underlying  surface.  The  SIP  material  is  a 
thin  mat  made  of  very  small  fibers  primarily 
aligned  either  parallel  or  normal  to  the 
structural  shell  of  the  orbiter.  The  flow  rate 
of  air  through  the  TPS  is  a  critical  parame- 
ter in  the  TPS  design.  On  ascent,  the  flow 
characteristics  of  the  SIP  determine  the 
venting  rate  of  the  SIP,  which  partially  de- 
termines the  forces  on  the  thermal  tiles. 

The  venting  rate  is  especially  important 
during  the  transonic  portion  of  the  ascent, 
when  the  normal  shock  can  rapidly  pass 
over  a  tile.  The  large  drop  in  pressure  across 
the  shock  imposes  maximum  dependence 
on  the  venting  capabilities  of  the  TPS.  The 
difference  in  pressure  may  tear  the  tile 
from  the  orbiter  if  the  SIP  cannot  vent 
quickly  enough. 

During  descent,  some  parts  of  the  Orbit- 
er experience  large  local  pressure  gradi- 
ents that  are  constant  for  significant  peri- 
ods of  time.  These  local  gradients  produce 
flow  through  the  SIP  The  flow  character- 
istics of  the  SIP  is  one  elennent  in  determin- 
ing how  much  hot  air  will  circulate  under 


the  TPS.  Evaluation  of  the  performance  of 
the  SIP  requires  a  knowledge  of  the  pres- 
sure drop  in  the  fibrous  SIP  material. 

Overall,  the  engineering  aspects  of 
flows  in  porous  media  are  not  well  under- 
stood. In  critical  applications,  the  designer 
must  rely  heavily  on  experimental  data. 
There  has  been  a  program  at  Langley  to 
provide  reliable  experimental  data  on  rep- 
resentative portions  of  the  TPS.  The  data 
were  used  in  a  mathematical  model  to  pre- 
dict the  internal  flows  for  various  TPS  con- 
figurations. However,  the  data  on  flow  in 
the  SIP  were  not  adequate  for  all  situations. 
There  were  no  data  on  the  effects  of 
changes  in  ambient  pressure  or  of  changes 
in  the  thickness  of  the  SIP  due  to  vertical 
movements  of  the  tile. 

Accordingly,  an  experimental  program 
to  provide  additional  data  was  initiated.  The 
new  data  includes  the  effects  of  both  large 
changes  in  ambient  pressure  and  limited 
vertical  movement  of  the  tile.  The  pressure 
drop  through  a  sample  of  SIP  nnaterlal  at 
conditions  covering  most  of  its  operating 
envelope  was  measured.  The  experiment 
simulated  the  flow  of  air  beneath  a  tile  ex- 


posed to  a  strong  surface  pressure  gradi- 
ent. 

The  pressure  across  the  SIP  was  varied 
from  near  0  to  1.38  x  lO'^  Pa  (2  psia).  Testing 
was  at  constant  levels  of  ambient  density 
from  atmospheric  to  13.6  percent  of  the  at- 
nrxjspheric  value.  A  theory  was  developed 
to  predict  the  drop  in  pressure  based  on 
the  drag  of  the  individual  fibers.  A  simple 
correlatbn  method  for  the  data  was  also 
developed. 

The  methodology  developed  will  help  in 
predicting  the  flow  characteristics  of  the 
many  SIP  flow  geometries  in  the  Shuttle 
Orbiter  tile  system.  It  will  help  in  predicting 
venting  characteristics  of  tile  assemblies 
during  ascent  and  the  leakage  of  hot  gas 
under  the  tiles  during  descent.  The  predic- 
tive philosophy  developed  should  be  useful 
in  the  study  of  the  mechanics  of  flows 
through  fibrous  and  porous  media,  and  the 
procedures  should  be  applicable  to  purged 
fiberglass  insulation,  dialysis  filters,  and 
other  fibrous  and  porous  media. 

777/s  work  was  done  by  Pierce  L  Lawing 
of  Langley  Research  Center. 
LAR-14105/TN 
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Animal  Models  Of  Human  Disease 


Animal  models  represent  an 
important  resource  for  the 
study  of  pathogenic  mecha- 
nisms of  human  genetic  dis- 
ease. Animals  with  disorders 
similar  or  identical  to  human 
diseases  are  also  in\aluable  for 
testing  new  experimental  treat- 
ment approaches  such  as  gene 
therapy. 

In  the  past,  in  the  absence  of 
a  centralized  unit  to  evaluate 
animal  models,  many  oppor- 
tunities to  identify  and  preserve 
valuable  models  of  human 
genetic  disease  may  have  been 
lost. 

Now  in  its  fifth  year,  the 
Referral  Center  for  Animal 
Models  of  Human  Genetic  Dis- 
ease at  the  University  of  Penn- 
sylvania, Philadelphia,  provides 
consultation,  diagnostic  serv- 
ices, and  preliminary  genetic 
studies  to  facilitate  the  dis- 
covery and  preservation  of  new 
and  potentiallv  useful  animal 
models  of  human  genetic  dis- 
eases. The  emphasis  is  on  mod- 
els that  occur  in  domestic 
animals. 


The  Center  is  funded  bv  the 
Animal  Resources  Program  of 
the  NIH  Division  of  Research 
Resources  and  serves  as  a  na- 
tional referral  center  for  the 
identification,  characterization, 
evaluation,  and  dissemination 
of  animal  models  of  human 
genetic  disease.  Of  particular 
interest  are  models  that  offer 
unusual  opportunities  to  in- 
vestigate poorly  understood 
pathogenetic  mechanisms  and 
models  that  provide  systems  in 
which  to  study  new  treatment 
approaches — such  as  gene 
transfer — to  human  diseases. 

"The  objective  is  to  find  new 
animal  models,"  says  principal 
investigator  Dr.  Donald  F.  Pat- 
terson, professor  of  veterinary 
medicine  and  human  genetics 
in  the  Schools  of  Veterinary 
Medicine  and  Medicine  at  the 
University  of  Pennsylvania. 

"There  are  genetic  diseases  in 
animal  populations  that  are  true 
homologs  of  human  genetic  dis- 
eases; they  involve  the  same 
genes,"  Dr.  Patterson  savs. 
"We're  attempting  to  find  these 


diseases,  to  characterize  them, 
and  to  show  that  thev  are  actual 
homologs  of  the  human  dis- 
eases and  useful  for  studw 

"We're  the  onlv  center  in  a 
veterinary  school  that  has  the 
combination  of  laboratories  able 
to  do  certain  types  of  studies 
that  are  needed  to  define  these 
genetic  diseases,"  he  says. 

The  Center  comprises  three 
laboratories:  a  pathology/teratol- 
ogy laboratory  for  the  study  of 
congenital  malformations,  a 
chromosome  laboratory,  and  a 
metabolic  laboratory. 

It  provides  the  following  serv- 
ices to  the  scientific  community: 

•  Identification  and  initial 
characterization  of  potential 
models  by  a  variety  of  meas- 
ures, including  the  evaluation 
of  living  animals  suspected  of 
having  counterparts  of  human 
genetic  disease;  biochemical 
screening  for  metabolic  dis- 
eases; anatomic  and  histologic 
diagnosis  of  suspected  models 
in  postnatal,  fetal,  and  em- 
bryonic animals;  and  routine 
and  banded  karyotyping  of  ani- 


Drs.  Mark  Haskins.  Urs  Giger, 
and  Donald  Patterson  of  the 
Referral  Center  for  Animal 
l\/1odels  of  Human  Genetic 
Disease  examine  a 
cfiromatogram  from  the 
metabolic  laboratory.  Urine 
samples  are  submitted  to  be 
screened  for  abnormal 
metabolites,  in  this  case,  amino 
acids.  The  compounds  in  the 
urine  are  separated  by  paper 
chromatography,  stained,  and 
compared  with  a  standard. 
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mals  with  suspected  chromo- 
somal abnormalities. 

•  Further  characterization 
and  evaluation  of  models  by 
confirming  the  genetic  etiology 
and  mode  of  inheritance  of  the 
animal  disease  and  by  com- 
paring the  natural  history, 
pathology,  and  biochemical  fea- 
tures of  the  animal  model  with 
its  human  counterpart. 

•  Preservation  and  dis- 
semination of  animal  models  by 
maintaining  breeding  stock  and 
preserving  germ  plasm  by  freez- 
ing semen  from  affected  or  car- 
rier male  animals. 

"There  are  many  human  dis- 
eases for  which  there  are  no 
known  animal  models,  and 
understanding  the  basic  patho- 
physiology and  pathogenesis  of 
these  diseases  would  be  very 
helpful  for  developing  gene 
therapy  and  for  understanding 
how  these  genetic  diseases 
develop,"  Dr.  Patterson  says. 
"For  example,  for  many  years 
there  were  no  known  animal 
models  for  the  group  of  human 
diseases  called  mucopoly- 
saccharidoses; we  discovered 
animals  with  several  of  these 
diseases  through  this  screening 
laboratory,"  he  explains. 

Investigators  at  the  Center 
study  animals  from  a  variety  of 
sources,  including  veterinarians 
in  academic  clinical  medicine  or 
private  practice  who  detect 
genetic  disorders  in  their  animal 
patients,  usually  dogs  and  cats, 
and  in  colonies  of  laboratory 
rodents. 

According  to  Dr.  Patterson, 
the  Center  serves  three  major 
groups  of  scientists:  vet- 
erinarians who  are  studying 
genetic  diseases  or  who  may 
encounter  them  in  their  prac- 
tice, laboratories  in  the  business 


of  maintaining  stocks  of  animals 
with  genetic  diseases,  and  med- 
ical researchers  studying  human 
genetic  diseases. 

Scientists  at  the  Center  are 
primarily  interested  in  five  gen- 
eral classes  of  genetic  disease 
that  include  hereditary  meta- 
bolic diseases,  hereditary  de- 
fects in  sexual  development, 
hereditary  congenital  malforma- 
tions, hereditary  hematologic 
diseases,  and  hereditary  dis- 
eases of  the  eye. 

More  than  40  animal  models 
of  human  genetic  diseases  have 
been  identified  and  charac- 
terized. Inherited  metabolic  dis- 
eases include  storage  diseases 
and  collagen  defects  in  the  cat 
and  dog  and  certain  enzyme 
deficiencies  in  the  cat,  mouse, 
and  dog  (German  shepherd). 
Other  defects  include  a  number 
of  hereditary  defects  of  the 
heart  in  various  breeds  of  dogs, 
and  X-linked  severe  combined 
immunodeficiency  in  the  basset 
hound. 

Ongoing  projects  include 
studies  of  a  genetic  defect  in  the 
intestinal  absorption  of  vitamin 
Bp  in  the  dog,  an  immune  defi- 
ciency in  the  dog  produced  bv  a 
defect  in  leukocyte  adhesion 
glycoproteins,  and  inherited 
amino  acidurias  and  organic 
acidurias  in  mice.  The  Center 
also  maintains  a  colony  of  cats 
with  alpha-mannosidosis,  a 
genetic  lysosomal  storage  dis- 
ease, which  will  enable  scien- 
tists to  characterize  the  pathol- 
ogy and  natural  history  of  this 
disease  as  a  preliminary  step  to 
using  the  cat  model  for  studies 
of  gene  therapy. 

There  is  no  fee  for  initial  con- 
sultation with  veterinarians  and 
investigators.  Subsequent  stud- 
ies are  also  performed  without 


charge  if  deemed  appropriate 
bv  investigators  at  the  Center. 
When  clinical  and  post  mortem  g 
examinations  are  primarily  in  ^ 
the  interest  of  the  animal's 
owner,  the  owner  is  charged 
but  usually  at  a  reduced  rate. 

A  discussion  of  findings  of 
the  Referral  Center  and  animal 
models  of  human  genetic  dis- 
ease can  be  found  in  the  follow- 
ing publication:  "Research  on 
genetic  diseases:  Reciprocal 
benefits  to  animals  and  man." 
joitnml  of  the  Aiuericn):  Veterinary 
Medical  Association,  volume  193, 
pages  113l  to  1144. 


The  professional  staff  of  the 
Referral  Center  for  Animal 
Models  of  Human  Genetic  Dis- 
ease consists  of  a  group  of  vet- 
erinarians with  special  training 
in  various  fields  of  genetic  dis- 
ease. These  individuals  can  be 
contacted  directly  for  infor- 
mation regarding  specific 
questions: 

Dr.    Gustavo    D.    Aguirre   — 
Genetic  diseases  of  the  eye. 
Dr.  Urs  Giger  —  Hereditary  dis-        i 
orders  of  metabolism  and  dis- 
eases of  the  blood. 
Dr.  Mark  Haskins  —  Pathology 
of  genetic  diseases,  lysosomal 
storage    disease,     congenital 
malformations. 

Dr.  Donald  F.  Patterson  —  Car- 
diovascular disease,  disorders 
of  sexual  development,  chromo- 
some defects. 
Their  address  is: 
School  of  Veterinary  Medicine 
University  of  Penns\'l\ania 
3800  Spruce  Street 
Philadelphia,  Pennsylvania  19105 
Telephone:  (215)  898-8880. 
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Capture,  Maintenance,  and  Culture  of  Loliginid  Squids 


Principal  Investigator 
Roger  T.  Hanlon,  Ph.D. 

Marine  Biomedical  Institute 
University  of  Texas  Medical  Branch 
200  University  Boulevard 
Galveston,  Texas  77550 
(409)761-2133 


Coprincipal  Investigators: 
Phillip  G.  Lee,  Ph.D. 
Won  Tack  Yang,  Ph.D. 

(409)761-2133 


Resources  •  Amrvals:  The  resource  is  under  development 

Provided  Lolliguncula  brevis  is  now  locally  available  year- 

round  for  resident  and  visiting  investigators 
:  Wild-caught  Loligo  plei  and  Loligo  pealei  ate 

seasonally  available  with  advance  notice.  Addi- 
tional species  of  squids  available  m  limited 
numbers  through  laboratory  culture  include- 
Sepiotenthis  lessoniana  and  Sepia  officinalis^ 

•  Other  Services.  Information  is  available  to 
teach  others  how  to  transport  and  maintain  live 
squids.  Progress  in  the  culture  program  has 
made  it  possible  to  provide  squids  (throughout 
their  size  and  age  range)  for  developmental  and 
longitudinal  studies  of  the  giant  fiber  system, 
synapses  in  the  stellate  ganglion,  the  eye,  etc. 
This  may  now  be  arranged  on  a  selective  basis. 

•  Contact  Persons:  Roger  T.  Hanlon,  Ph.D  .  or 
Phillip  G,  Lee,  Ph  D  ,  (409)  761-2133, 


Research 
Emphasis  or 
Application 


•  Basic  Obiectives:  To  supply  investigators  in 
neuroscience  with  adult  squids  the  year  round 
for  giant  axon  preparations  and  other  experi- 
mental neurobiological  procedures 

•  Current  Researcli:  Research  at  the  resource 
includes  investigations  of  the  culture  of  squids 
from  hatchlings  to  adults  m  the  laboratory;  envi- 
ronmental conditions  required  for  transport  and 
maintenance  of  live  squids;  food  requirements 
of  laboratory-reared  and  cultured  squids;  squid 
life  history;  study  of  behavior  as  a  tool  to 
improve  maintenance  and  culture  methods. 
Current  use  of  squids  by  institutional  research- 
ers includes  studies  of  the  neurophysiology  of 
the  giant  axon,  and  anatomy  and  electrophysiol- 
ogy  of  the  statocyst  organs  as  comparable 
models  of  congenital  defects  in  the  vestibular 
system  of  mammals. 
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Flows  in  Model  Human 
Femoral  Arteries 

Flow  is  visualized  with  dye 
traces,  and  pressure 
measurements  are  made. 

A  report  describes  an  experimental  study 
of  flow  in  models  of  the  human  femoral 
artery.  The  study  was  conducted  to  ex- 
amine the  effect  of  the  slight  curvature  of 
the  artery  on  the  flow  paths  and  the  distri- 
bution of  pressure. 

Two  full-scale  models  were  used:  one 
made  of  glass  tubing  and  the  other  of  flexi- 
ble plastic  tubing.  Both  included  curved 
sections  having  a  radius  of  curvature  of  20 
cm  and  subtending  an  angle  of  40°.  Small 
holes  0.051  cm  in  diameter  admitted  dye  to 
a  sucrose  water  solution  (which  has  the 
kinematic  viscosity  of  blood)  flowing  along 
the  glass  model  so  that  flow  paths  could  be 


visualized.  Similar  holes  in  the  plastic  model 
lead  to  external  pressure  transducers.  The 
internal  diameter  of  both  nxxJels  was  6.35 
mm.  Long,  straight  sections  of  tube 
preceded  and  followed  the  curved  sec- 
tions. 

The  pattern  of  steady  flow  in  the  glass 
model  was  found  to  be  like  that  in  coiled 
pipes.  Adouble  helical  pattern  was  observed, 
with  the  streamlines  in  the  vicinity  of  the 
wall  converging  stably  along  the  tube  at  the 
inner  curvature.  The  helical  or  swirl  angle 
was  found  to  increase  with  the  rate  of  flow. 

Pressure  was  found  to  decrease  more 
steeply  with  increasing  distance  in  the 


curved  section.  This  indicates  that  cen- 
trifugal effects  increase  with  increasing 
flow.  In  both  pulsatile  and  steady  flows,  the 
pressure  drops  were  attributable  mostly 
to  viscosity.  In  pulsatile  flow,  the  time- 
averaged  pressure  drops  were  about  the 
same  as  in  steady  flew. 

This  work  was  done  by  Uoyd  H.  Back 
and  Bug  Y.  Kwack  of  Caltech  and  Donald 
W.  Crawford  of  the  University  of  Southern 
California  for  NASA's  Jet  Propulsion 
Laboratory.  "Flow  Measurements  in  a 
Model  of  the  Mildly  Curved  Femoral 
Artery  of  Man." 
NPO-17599/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division.  P.O.  Box  8757, 
BWI  Airport.  MD  21240;  (301)  621-0100  Ext  241 

REFER  TO  THE  NUfVlBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Magnetic  Resonance  Spectroscopy  Opens  New  Windows 
Into  Body  Chemistry 


Researchers  are  just  starting  to 
tap  the  potential  value  of  nu- 
clear magnetic  resonance  (NMR) 
as  an  aid  in  diagnosis  and  treat- 
ment of  disease.  Scientists  are 
finding  ways  to  analyze  NMR 
signals  not  only  to  create  ana- 
tomic images  and  locate  physi- 
cal abnormalities  but  also  to 
study  cellular  processes  in  liv- 
ing animals  and  in  people.  This 
new  approach  to  medical  diag- 
nostics, called  NMR  spectro- 
scopy, may  make  it  possible  to 
identify  the  chemical  makeup  of 
tumors,  measure  changes  in 
physiologic  function,  or  monitor 
a  patient's  responses  to  treat- 
ment— all  without  using  invas- 
ive procedures. 

In  many  wavs,  using  NMR  to 
measure  biochemical  properties 
is  more  difficult  than  using  it  to 
form  images,  investigators  say. 
Magnetic  resonance  is  detected 
by  measuring  radiofrequency 
signals  emitted  in  a  strong  mag- 
netic field  by  atomic  nuclei  in 
molecules.  Magnetic  resonance 
imaging  generally  relies  on  sig- 
nals produced  by  hydrogen 
nuclei  of  the  sample.  Such  sig- 
nals are  strong  and  easy  to  mea- 
sure because  hydrogen  nuclei 
are  the  most  abundant  nuclei  in 
living  tissues. 

Researchers  are  developing 
highly  sensitive  NMR  spec- 
troscopic techniques  that  can 
detect  weak  signals  from  car- 
bon, nitrogen,  phosphorus,  and 
other  atomic  nuclei.  Analysis  of 
these  signals  can  provide  infor- 
mation about  the  structure  and 
function  of  proteins,  carbohy- 
drates, and  other  molecules  that 
are  present  in  relatively  low 
concentrations  in  tissues. 

The  goal  is  to  "look  behind 
the  image  and  see  what's  going 
on  in  there,"  says  Dr.  Thomas 
Jue,  associate  professor  of  bio- 
logical chemistry  at  the  Univer- 
sity of  California,  Davis.  In  one 
project,  researchers  at  UC-Davis 
are  using  NMR  spectroscopy  to 
explore  how  cancer  cells  re- 
spond to  antitumor  drugs  that 


are  activated  by  light.  Such 
drugs  seem  to  be  effective 
against  gliomas  and  other  hard- 
to-treat  cancers  of  the  nervous 
system.  A  specific  wavelength 
of  laser  light  is  used  to  activate 
the  cytotoxic  drugs,  killing  can- 
cer cells  but  sparing  most  nor- 
mal cells. 

In  other  studies  at  the  UC- 
Davis  NMR  Facility,  researchers 
are  investigating  how  oxygen 
depri\ation,  hypoxia,  causes 
damage  to  the  heart.  They  are 
particularly  interested  in  the 
mechanisms  that  cause  dan- 
gerous swelling,  or  edema,  of 
myocardial  tissue  when  the 
heart  is  deprived  of  oxygen  dur- 
ing a  heart  attack.  Using  NMR 
signals  from  sodium-23,  a  natu- 
rally occurring  stable  isotope, 
and  fluorine-19,  a  stable  isotope 
incorporated  into  a  special  dye, 
the  investigators  have  observed 
changes  in  levels  of  sodium,  cal- 
cium, and  other  elements  when 
the  heart  of  an  experimental 
animal  is  temporarily  deprived 
of  oxygen. 

The  results  show  that  when 
the  heart  muscle  loses  its  oxy- 
gen supply  the  lack  of  oxygen 
forces  myocardial  cells  to  get 
energy  through  anaerobic  gly- 
colysis. This  metabolic  pathway 
makes  cells  more  acidic  because 
of  the  accumulation  of  lactate,  a 
product  of  glucose  metabolism. 
The  heart  muscle  cells  compen- 
sate for  the  acidity  by  moving 
hydrogen  ions  out  of  the  cells  in 
exchange  for  sodium.  This  pro- 
tects the  cells  from  becoming 
too  acidic,  but  the  high  levels  of 
sodium  cause  the  cells  to  absorb 
water  and  swell. 

A  better  understanding  of  the 
cellular  mechanisms  that  cause 
edema  could  lead  to  new  treat- 
ments to  protect  the  heart  from 
damage  caused  by  lack  of  oxy- 
gen, Dr.  Jue  says. 

In  a  series  of  studies  using 
this  technique.  Dr.  Jue  has 
found  that  ethanol  disturbs 
metabolic  processes  in  the  liver, 
thereby  producing  higher  le\els 
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of  lactate.  "This  is  the  first  time 
we  have  been  able  to  iooi<  at 
enzyme  activity  as  it  occurs  in 
the  liver,"  Dr.  Jue  says.  These 
studies  used  livers  taken  from 
animals  and  perfused  with 
nutrients,  but  it  should  be  pos- 
sible to  use  the  technique  to 
study  liver  function  in  intact 
animals,  he  explains. 

To  "tune  in"  to  NMR  signals 
from  a  specific  organ  and  filter 
out  unwanted  signals  from  the 
rest  of  the  body,  researchers  can 
use  a  technique  named  "image- 
selected  in  vivo  spectroscopy" 
(ISIS)  in  which  a  special  se- 
quence of  radiofrequency  pulses 
is  used  to  localize  NMR  signals. 
Some  examples  are  the  P-31 
NMR  signals  from  human  kid- 
ney and  liver.  This  three- 
dimensional  NMR  technique 
can  pinpoint  signals  coming 
from  a  specific  volume  of  tissue 
within  the  body. 

Such  techniques  could  even- 
tually lead  to  "chemical-shift 
imaging,"  in  which  biochemical 
information  obtained  by  NMR 
spectroscopy  would  be  incorpo- 
rated into  conventional  mag- 
netic resonance  images.  This 
would  make  it  possible,  for 
example,  to  produce  an  image 
showing  lactate  concentrations 
in  various  organs.  "We  want  to 
be  able  to  say,  'In  this  organ, 
this  is  what's  going  on,'"  Dr. 
jue  explains.  Although  much 
more  research  is  needed  to 
develop  such  technology,  chem- 
ical-shift imaging  could  become 
a  clinicallv  useful  tool  during 
the  next  10  years,  he  predicts. 

Additional  reading: 

1.  Alonso,  J.,  Arus,  C,  West- 
ler,  W.  M.,  and  Markley,  J.  L., 
Two-dimensional  correlated 
spectroscopy  (COSY)  of  intact 
frog  muscle.  Spectral  pattern 
characterization  and  lactate 
quantitation.  Ma^^nctic  Rcsoimnlce 
in  Medicine,  in  press. 

2.  Jue,  T.,  Rothman,  D.  L.,  Tav- 
itian,  B.  A.,  and  Shulman,  R. 
G.,  Natural-abundance  '^C 
NMR  study  of  glycogen  reple- 


tion in  human  liver  and  muscle. 
Pn)ft'c'i/(»y.s  of  the  Nntionnl  Acad- 
em\i  of  Sciences  USA  86:1439- 
1442,  1989. 

3.  Cala,  P.  M.,  Anderson,  S.  E., 
and  Cragoe,  E.  j.  Jr.,  Na/H 
exchange-dependent  cell  vol- 
ume and  pH  regulation  and  dis- 
turbances. Comparative  Bio- 
clieinistry  and  P/;i/s;o/i)^i/  90A: 
551-555,1988. 

4.  Ross,  B.  D.,  Higgins,  R.  ]., 
Boggan,  J.  E.,  Willis,  J.  A.,  Knit- 
tel,  B.,  and  Unger,  S.  W.,  Car- 
bohydrate metabolism  of  the  rat 
C6  glioma.  An  in  vivo  and  in 
vitro  'H  magnetic  resonance 
study.  NMR  in  Biomedicine 
1:20-26,  1988. 

5.  Corbett,  R.  J.  T.,  Laptook,  A. 
R.,  Hassan,  A.,  and  Nunnally, 
R.  L.,  Quantitation  of  acidosis 
in  neonatal  brain  tissue  using 
the  ''P  resonance  peak  of  phos- 
phoethanolamine.  Ma;^netic  Res- 
onance in  Medicine  6:99-106, 
1988. 

6.  Pettersson,  H.,  Slone,  R.  M., 
Spanier,  S.,  Gillespy,  T.,  Fitz- 
simmons,  J.  R.,  and  Scott,  K. 
N.,  Musculoskeletal  tumors:  Tl 
and  T2  relaxation  times.  Radiol- 
0^1/  167:783-785,  1988. 
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R.  L.,  Giovanella,  B.  C,  and 
Antich,  P.  P.,  Characterization 
of  the  ^'P  nuclear  magnetic  reso- 
nance spectrum  from  human 
melanoma  tumors  implanted  in 
nude  mice.  Cancer  Research 
47:5065-5069,  1987. 

8.  Jue,  T.,  Arias-Mendoza,  F., 
Gonnella,  N.  C,  Shulman,  G. 
I.,  and  Shulman,  R.  G.,  A  'H- 
NMR  technique  for  observing 
metabolite  signals  in  the  per- 
fused liver.  Proceedings  of  the 
National  Acadcnn/  of  Sciences  USA 
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for  tiie  rotation  of  the  Earth  would  be  made. 

0536  Terrestrial-Imaging  Spectroscopy— Progress  to  date  is  reviewed. 
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Digital  Doppler  Processor 
for  Spaceborne 
Scatterometer 

Corrections  for  the  rotation  of 
the  Earth  would  be  made. 

A  report  describes  a  conceptual  digital 
Doppler  processor  for  the  NASA  scatter- 
ometer (NSCAT),  an  advanced  version  of 
ttie  SEASAT  spacetx)rne  radar  scatter- 
ometer used  to  measure  winds  near  the 
surface  of  the  ocean.  Tfie  processor  would 
compensate  for  the  component  of  the 
Doppler  frequency  shift  caused  by  the  ro- 
tation of  Earth.  Tfie  SEASAT  scatterometer 
was  vulnerable  to  degradation  of  perform- 
ance and  loss  of  swath  because  it  con- 
tained fixed-frequency  and  fixed-bandwith 
band-pass  filters  that  could  not  compen- 
sate for  the  rotation. 

In  the  NSCAT  designs,  six  antennas  illu- 
minate the  surface  of  the  ocean  with  fan- 
shaped  beams.  The  illumination  pattern  is 
designed  so  that  a  given  portion  of  the  sur- 
face is  first  observed  by  a  forward  antenna 
to  provide  a  measurement  of  the  backscat- 
tering  coefficient  {a^  from  one  azimuth 
angle  and  then,  as  the  spacecraft  moves 
along  the  ground  track,  by  the  center 
antenna  for  a  second  azimuth  angle,  fol- 
lowed by  the  aft  antenna  for  the  third 
azimuth  angle.  The  Oq  measurements  from 
the  three  different  azimuth  angles  are 
combined  by  processing  on  the  ground  to 
infer  the  wind  vector  The  narrow  illumina- 
tion pattern  and  the  timing  of  the  measure- 


ments provide  the  resolution  along  the 
track. 

The  transmitted  radar  signal  reflected 
from  the  surface  of  the  ocean  is  Doppler- 
shitted  due  to  the  relative  motion  of  the  sur- 
face and  spacecraft.  The  echoes  returned 
from  different  portions  along  the  illumina- 
tion pattern  have  different  Doppler  shifts 
and  can  be  separated  into  crosstrack  reso- 
lution elements  known  as  "oq  cells"  by 
Doppler  band-pass  filtering. 

While  crosstrack  resolution  is  obtained 
by  Doppler  filtering,  along-track  resolution 
is  achieved  via  the  times  between  meas- 
urements. As  the  spacecraft  moves  along 
its  ground  track,  the  Oq  cells  viewed  by 
each  of  the  antenna  beams  in  sequence 
are  sampled  once  during  the  time  interval 
required  for  the  spacecraft  to  move  the 
along-track  sampling  distance  (25  km  for 
NSCAT). 

To  maintain  each  of  the  Oq  cells  at  a  fixed 
crosstrack  distance  from  the  spacecraft 
track  as  the  spacecraft  moves  along  its  or- 
bit, the  Doppler  shifts  of  the  Oq  cells  must 
be  changed  to  compensate  for  the  effects 
of  the  rotation  of  the  Earth.  Not  only  do  the 
cell  center  frequencies  change  but  the 
times  of  flight  of  echoes  also  change.  To 
process  the  scatterometer  return  signal 


adequately  the  Doppler  processor  must 
consider  the  entire  range  of  time  and  band- 
width spanned  by  all  Oq  ceils  as  the  center 
frequencies  vary  over  the  orbit.  For  the 
NSCAT  design,  this  corresponds  to  a  band- 
width of  approximately  ±400  kHz  with 
times  of  flight  between  5.5  and  11  ms 
(assuming  an  orbital  altitude  of  820  km). 

The  conceptual  processor  uses  fast 
Fourier  transforms  (FFT's)  to  make  the  re- 
quired corrections  to  the  times  and  fre- 
quencies. The  input  signal  plus  noise  and 
the  input  noise  alone  are  processed  sepa- 
rately then  subtracted  to  obtain  an  esti- 
mate of  the  backscaftered  signal  power 
First,  the  input  data  are  sampled,  and  the 
FFT's  of  the  segments  of  data  are  comput- 
ed. A  "data  window"  is  then  applied  by 
convolution.  The  windowed  FFT  output  is 
squared  to  obtain  the  power  Finally  a  sum 
is  taken  over  the  resulting  periodograms  in 
the  range  corresponding  to  the  OQ-cell 
bandwidth  of  interest.  The  power  is  related 
to  Oq  by  radar  equation. 

This  work  was  done  by  D.G.  Long, 
Chong-Yung  Chi.  and  Fuk  K.  Li  of  Caltech 
for  NASA's  Jet  Propulsion  Laboratory. 
"The  Design  of  an  Onboard  Digital 
Doppler  Processor  for  a  Spaceborne 
Scatterometer." 
NPO-17253/TN 


FOR  ADDITIONAL  INFORIVIATION:  Contact:  Director,  Technology  Transfer  Division.  PC.  Box  8757. 
BWI  Airport.  MD  21240.  (301)  62101 00  Ext.  241 

REFER  TO  THE  NUIVIBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


535 


IWNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Terrestrial-Imaging 
Spectroscopy 

Progress  to  date  is  reviewed. 

A  report  reviews  the  history  and  the 
state  of  the  art  of  terrestrial  imaging  spec- 
troscopy. This  field  encompasses  the  use 
of  airtx)rne  and  spaceborne  imaging  spec- 
trometers to  generate  specialized  maps 
for  use  in  agriculture,  geology,  ecology, 
and  related  disciplines.  The  report  dis- 
cusses the  history,  design,  and  perform- 
ance of  the  Airtx)rne  Imaging  Spectrome- 
ter (AIS),  which  is  the  pioneering  sensor  for 
terrestrial  high-resolution  remote  sensing. 
It  concludes  with  a  discussion  of  plans  for 
the  future  of  imaging  spectroscopy  of  the 
Earth. 

The  main  text  begins  by  discussing  the 
motivation  for  imaging  spectroscopy  The 
spectrum  of  interest  includes  the  visible 
and  the  near  infrared.  In  laboratory  and 
field  spectrometers  and  spectroradiome- 
ters,  the  spectral  intensities  of  one  hundred 
or  more  wavelength  bands  each  of  which 
is  10  nm  wide  in  each  picture  element  yield 
sufficient  information  for  the  reconstruc- 
tion of  the  reflectance  spectrum,  which  is 
useful  in  the  identification  of  minerals. 
Research  on  the  use  of  spectral  reflec- 
tance to  identify  types,  constituents,  and 
conditions  of  plants  is  also  underway 


The  next  topic  is  the  AIS,  which  was  de- 
signed primarily  as  a  test  bed  on  which  fu- 
ture spaceborne  imaging  spectrometers 
will  be  based.  The  development  of  the  AIS 
took  advantage  of  a  new  generation  of  ar- 
rays of  HgCdTe  infrared  detectors  on  small 
chips,  each  of  which  contains  more  than 
1,000  detector  elements.  In  the  AIS,  each 
picture  element  is  sensed  simultaneously 
in  as  many  spectral  bands  as  there  are  de- 
tector elements  in  each  line  of  a  two-di- 
mensional array  The  array  is  swept  across 
the  scene  to  produce  the  multiple  (as  many 
as  200)  spectral  images  simultaneously. 
The  flight  history,  performance,  and  engi- 
neering problems  revealed  by  the  flight 
tests  of  the  AIS  are  described. 

The  extraction  of  information  from  the 
spectral-image  data  is  a  major  challenge. 
Visual  inspection  is  useful  in  exploratory 
analysis.  Visual  inspection  can  be  enhanced 
by  advanced  display  techniques  like  time-se- 
quenced  projection  of  images  in  the  spectral 
direction  and  cursor-designated  spectral 
plots  of  single  picture  elements.  The  next 
problem  is  the  multispectral  classification 
of  scenes  by  use  of  feature-extraction 


operators,  which  could  involve  linear  or 
nonlinear  transformations  that  reduce  the 
dimensionalities  of  spectral  images  vjhWe 
preserving  sufficient  information  for  the 
identification  of  spectral  signatures. 

The  report  discusses  recent  develop- 
ments described  in  the  literature  of  imag- 
ing spectroscopy  from  three  points  of  view: 
techniques  for  the  handling  and  analysis  of 
spectral-image  data,  geological  research, 
and  botanical  research.  The  report  con- 
cludes by  restating  the  broad  themes  in  the 
development  of  imaging  spectroscopy, 
describing  recent  experience  with  the  Air- 
borne Visible/Infrared  Imaging  Spectrom- 
eter (a  successor  to  the  AIS),  and  describ- 
ing the  new  Portable  Instant  Display  and 
Analysis  Spectrometer,  which  is  a  light- 
weight, rugged  instrument  designed  to  be 
carried  in  the  field. 

This  work  was  done  by  Gregg  A.  Vane 
of  Caltech  and  Alexander  F.H.  Goetz  of 
the  University  of  Colorado  for  NASA's  Jet 
Propulsion  Laboratory.  "Terrestrial  Im- 
aging Spectroscopy." 
NPO-17432/TN 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

(Formerly  the  National  Bureau  of  Standards) 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


X-Ray  Photoelectron  Spectroscopy  Database  Released 


A  new  standard  reference  database  is  available  for  surface  scientists,  tribologists,  and  analytical 
chemists  using  x-ray  photoelectron  methods  to  analyze  surfaces  of  materials  to  determine  wear, 
friction,  and  resistance  to  corrosion.    NIST  Standard  Reference  Database  20,  X-Ray  Photoelectron 
Spectroscopy  gives  easy  access  to  critically  evaluated  photoelectron  and  Auger  spectral  data  on 
more  than  13,000  measurements  from  the  literature  through  1985.     The  "user-friendly"  program 
allows  for  searches  on  photoelectron  and  Auger  lines  as  well  as  chemical  shifts  to  be  made  by 
element,  line  energy,  and  other  variables.    Users  can  easily  identify  unknown  measured  lines  by 
matching  them  to  previous  measurements. 

FOR  ADDITIONAL  INFORMATION:  The  database  is  designed  for  personal  computers  (PCs)  and  runs  on 
any  MS-DOS  or  PC-DOS  computer  using  a  2.1  or  later  disk  operating  system.    It  is  available  on  a 
3-1/2  or  5-1/4-inch  floppy  disk  that  requires  5  megabytes  of  storage  space.    The  database  is 
available  for  $495  from  the  Office  of  Standard  Reference  Data,  NIST,  A323  Physics  BIdg., 
Gaithersburg,    Md.    20899;    (301)975-2208. 
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Compact,  Broadband  Infrared  Spectrometer 

A  double-pass  Schmidt  optical  system  is  stable  and  light  in  weight. 


A  large-aperture,  wide-angle,  broad- 
band infrared  spectrometer  is  compact 
and  light  in  weight.  It  is  based  on  a  double- 
pass  version  of  the  Schmidt  optical  system 
that  acts  as  both  a  collimator  and  a  cam- 
era. Because  the  optical  system  is  con- 
tained in  a  piece  of  solid  glass,  it  is  me- 
chanically and  thermally  stable. 

Radiation  in  the  wavelength  range  of 
850  to  2,500  nm  is  fed  from  optical  fibers 
into  the  spectrometer  through  a  flat  en- 
trance surface,  (As  shown  in  the  figure,  the 
cable  of  optical  fibers  appears  to  coincide 
with  an  array  of  PbS  detectors  and  to  face 
a  blocking  filter  in  front  of  the  array  but  in 
fact  is  displaced  from  the  array  out  of  the 
page.)  Because  of  the  high  index  of  refrac- 
tion of  the  glass  relative  to  that  of  air,  the 
angle  of  divergence  of  the  marginal  rays  in 
the  glass  is  significantly  less  than  it  is 
before  it  enters.  This  is  one  of  the  reasons 
the  instrument  can  be  made  to  operate  at 
the  relatively-large  numerical  aperture  of 
0.51. 

The  diverging  rays  are  roughly  colli- 
mated  by  the  primary  mirror  surface, 
which  is  coated  with  aluminum  protected 
by  a  black  epoxy  paint  overcoat.  A  narrow 
stripe  across  the  center  is  left  uncoated  by 
aluminum  to  prevent  reflection  of  the  in- 
coming radiation  from  this  stripe  directly 
back  onto  the  array  of  detectors.  The 
roughly  collimated  rays  are  turned  about 
90°  by  total  internal  reflection  at  the  folding 
surface,  then  pass  out  of  the  glass  optical 
system  through  an  aspherical  Schmidt 
corrector  surface  that  makes  the  roughly 
collimated  beam  well  collimated. 

A  diffraction  grating  then  disperses  the 
radiation  angularly  according  to  wave- 
length and  reflects  it  back  through  the  opti- 
cal system  to  the  array  of  PbS  detectors. 
Functioning  as  a  camera  on  the  return 
pass,  the  optical  system  focuses  the  spec- 
trum on  the  array  where  wavelength  is 
read  as  a  function  of  position  (picture- 
element  number).  The  spectral  range  is 
covered  by  45  picture  elements. 

The  optical  system  is  made  of  water- 
free  fused  silica  to  minimize  absorption  of 
infrared  radiation.  Although  in  principle  it 


Primary 
Mirror 


( 


Grating 


The  Double-Pass  Design  makes  this  spectrometer  compact.  Because  most  of  the  optical 
system  lies  within  a  solid  piece  of  fused-silica  glass  (actually,  two  pieces  cemented 
together),  the  instrument  is  rugged. 


could  have  been  made  from  a  single,  solid 
piece,  in  practice  it  has  to  be  made  in  \\no 
pieces  that  are  then  cemented  together 
Fabrication  would  be  easier  and  simpler  if 
even  more  cemented  surfaces  could  be 
used  so  that  each  optical  surface  could  be 
ground  and  polished  like  a  single  lens  ele- 
ment. However,  more  cemented  surfaces 
are  not  used  because  optical  cements  ab- 
sorb in  the  infrared. 

This  work  was  done  by  Norman  A. 
Page  and  Mary  L  White  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA  Resident  Office- 
JPL.  Refer  to  NP0-17562/TN. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Ctiapman 
Mail  Stop  180-801 
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Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  fvlcCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
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L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena.  CA  91109 
(818)  354-2240 
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Dry-Enzyme  Test  for  Gaseous  Chemicals 

An  easily  administered  test  detects  alcohol  in  breath. 


A  simple,  dry-chemical  test  detects  etha- 
nol  in  human  breath.  The  methcxj  of  the  test 
can  also  be  adapted  to  the  detection  of  such 
toxic  chemicals  as  formaldehyde  in  air- 
streams.  The  method  can  be  used  qualita- 
tively to  detect  chemical  compounds  above 
a  preset  level;  for  example,  ethianol  above 
the  legal  level  for  driving.  Alternatively  it  can 
be  used  to  indicate  quantitatively  the  con- 
centrations of  compounds. 

The  method  involves  a  dry  enzyme  and  a 
color  indicator  The  enzyme  catalyzes  a 
chemical  reaction  of  the  compound  of  in- 
terest that  changes  the  color  of  the  in- 
dicator Because  the  enzyme  is  dry,  it  has  a 
longer  shelf  life  than  it  does  in  aqueous  solu- 
tion. The  method  does  not  require  a  liquid 
solution,  and  therefore  the  test  is  easy  and 
convenient  to  administer 

To  make  a  breath  analyzer  for  instance, 
the  reactants  can  be  packaged  in  a  small, 
disposable  vial  (see  Rgure  1).  A  human  sub- 
ject breathes  into  the  vial,  and  a  rapid 
change  in  the  color  of  the  contents  of  the 
vial  indicates  whether  the  subject  is  intox- 
icated. 

The  method  is  highly  specific.  The  en- 
zyme alcohol  oxidase,  for  example,  gives  a 
positive  reaction  only  to  ethanol,  methanol, 
formaldehyde,  and  hydrogen  peroxide,  and 
human  breath  is  not  likely  to  contain  the  lat- 
ter three  compounds.  The  enzyme  does  not 
react  with  tobacco  smoke  as  some  conven- 
tional chemical  breath  analyzers  do.  The 
method  is  also  highly  sensitive:  it  can  detect 
concentrations  of  ethanol  as  low  as  1 
micromolan  It  is  fast,  requiring  only  1  to  3 
minutes  for  a  complete  change  of  color 

The  method  can  be  adapted  to  detect 
any  gaseous  compound  that  can  be  trans- 
formed by  enzymes  to  produce  a  change 
evident  to  the  human  eye  or  to  an  instru- 
ment. Other  enzyme/indicator  combina- 
tions include  formate  dehydrogenase  for 
the  detection  of  formate  in  the  presence  of  a 
pH  indicator  carbon  monoxide  dehydro- 
genase and  a  pH  indicate!  for  the  detection 
of  carbon  monoxide,  and  esterases  with  pH 
indicators  to  detect  carboxylic  esters. 

Dehydration  of  one  or  more  enzymes  is 
an  essential  step  in  the  preparation  of 
materials  for  the  method.  One  or  more  of 
these  enzymes  are  spread  on  such  sup- 
ports as  alumina,  glass  t)eads,  or  cellulose 
particles  and  imnxibilized  on  the  supports 
by  drying.  The  concentrations,  supporting 


material,  and  drying  conditions  are  chosen 
to  suit  the  application. 

The  method  has  been  demonstrated  in 
the  qualitative  detection  of  alcohol  in  air  and 
breath.  A  mixture  of  alcohol  oxidase, 
horseradislT  peroxidase,  and  2,6dichloro- 
indophenol  in  water  was  dispersed  on  mi- 
crocrystalline  cellulose  powder  and  left  to 
dry  at  room  temperature.  The  dry  powder 
was  placed  in  a  glass  vial. 

A  stream  of  air  containing  ethanol  vapor 
was  passed  through  the  powder  When  the 
concentration  of  ethanol  in  the  air  cor- 
responded to  a  concentration  of  0.1  per- 

Figure  1.  Glass  Vials  contain  enzymes,  in- 
dicators, and  supporting  material  in  two 
forms:  loose  powder  for  qualitative  detec- 
tion and  a  powder-coated  transparent  strip 
for  quantitative  detection.  The  vials  meas- 
ure 5  centimeters  in  length  and  about  0.6 
centimeter  In  diameter 
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Figure  2.  Small  Concentrations  of  Ethanol  in  air  produced  by  equilibrating  the  air  with  aque- 
ous solutions  of  the  concentrations  shown  resulted  in  rapid  decreases  in  the  relative  ab- 
sorbance  of  the  material  in  the  vial.  The  slopes  of  the  plots  and  the  final  optical  densities  are 
functions  of  the  concentration  of  ethanol.  ^„^ 


cent  ethanol  in  water  or  blood  (the  max- 
imum legal  level  for  driving),  the  color  of  the 
powder  changed  from  dark  blue  to  pale  vi- 
olet in  as  little  as  1  minute.  The  test  was  re- 
peated on  human  subjects  who  had  ingest- 
ed alcoholic  beverages.  The  breath  was 
analyzed  for  a  single  exhalation  in  each 
case.  The  results  were  similar  to  those  of  the 
laboratory  simulation. 

The  method  has  also  been  demonstrated 
in  the  quantitative  detection  of  ethanol. 
Rastic  strips  coated  with  dried  enzymes 
and  cellulose  powder  were  placed  in  vials, 
which  were  placed  in  a  commercial  gel  den- 
sitometer and  exposed  to  streams  of  air 
containing  various  concentrations  of 
ethanol.  The  densitometer  recorded  the 
change  in  optical  density  at  a  wavelength  of 
605  nm  (see  Figure  2). 


This  work  was  done  by  Eduardo  Barzana, 
Marcus  Karel,  and  Alexander  Klibanov  of 
the  Massachusetts  Institute  of  Technology 
for  NASA's  Jet  Propulsion  Laboratory. 
For  further  information,  Grcle  124  on  the 
TSP  Request  Card. 

In  accordance  with  Public  Law  9&517, 
the  contractor  has  elected  to  retain  title  to 
this  invention.  Inquiries  concerning  rights 
for  its  commercial  use  should  be  ad- 
dressed to 

Massachusetts  Institute  of  Technology 

77  Massachusetts  Ave. 

Rm.  E32-300 

Cambridge,  MA  02139 
Refer  to  NPO-17642/TN. 
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Infrared  Pyrometry  From  Room  Temperature  to  700 '^^C 

Consistent  readings  are  obtained  when  specimens  are  prepared  appropriately. 


Experinnents  have  sl"iOwn  ttnat  wittn  ap- 
propriate preparation,  infrared  pyrometry 
can  be  used  to  measure  temperatures  of 
the  surfaces  of  specimens  in  the  range 
from  ambient  to  700  °C.  The  objective  is  to 
make  such  measurements  on  specimens 
in  surface-analytic  vacuum  systems.  Here- 
tofore, optical  pyrometry  has  seldom  been 
used  for  this  purpose  because  of  the  usu- 
ally unknown  and  possibly  variable  emis- 
sivities  of  specimens,  the  poor  infrared 
transmission  of  viewing  porls  in  vacuum 
chambers,  and  the  large  viewing  areas  re- 
quired by  most  infrared  pyrometers. 

The  new  method  largely  overcomes  tfiese 
limitations.  The  transmission  of  infrared  is 
increased  by  replacing  the  customary  met- 
al-coated glass  viewing  port  with  a  quartz 
viewing  port  covered  with  tantalum  mesh. 
A  commercially  available  infrared  micro- 
scope with  a  focal  distance  of  53  cm  focus- 
es on  a  spot  only  1  mm  wide  on  the  speci- 
men. The  microscope  has  an  InSb  detector, 
cooled  by  liquid  nitrogen,  that  detects 
wavelengths  from  1.8  to  5.5  pivn  and  can 
detect  temperatures  near  ambient.  The 
microscope  is  operated  as  a  radiometer. 
Because  the  output  of  the  detector  varies 
by  several  orders  of  magnitude,  it  is  proc- 
essed by  a  logarithmic  amplifier  before 
reading. 

The  problem  posed  by  unknown  emissi- 
vity  is  solved  by  focusing  the  microscope 
on  a  flat  spot  on  the  specimen  painted  with 
colloidal  graphite  (see  Figure  1).  The 
graphite  has  a  high  emissivity  that  is  inde- 
pendent of  the  specimen,  insensitive  to  the 
ion  bombardment  to  v/hich  the  specimen  is 
to  be  exposed,  and  unchanged  by  expos- 
ure to  most  gases.  In  the  experiments,  a 
tantalum  specimen  so  coated  was  mount- 
ed on  a  molybdenum  heating  stub.  A  type- 
K  thermocouple  was  welded  to  the  speci- 
men. Fixed  reference  temperatures  were 
provided  by  attaching  beads  of  indium  and 
tin,  which  melt  at  157  and  232  °C,  respec- 
tively (These  metals  were  chosen  because 


Tatalum 
Specimen 


Indium  Bead 

Tin  Bead 


Graphite 
Coating 


Thermocouple 
Wires 


To  Infrared  Microscope 
Through  Viewing  Port 


Molybdenum 
Stub  Ckjntalning 
Resistive 
Heating  Element 


Figure  1.  The  Graphite  Coat  on  the  specimen  has  a  known  emissivity.  The  thermocouple  is 
used  to  calibrate  the  reading  of  the  infrared  microscope.  The  melting  of  the  beads  provides 
reference  temperatures,  including  corrections  for  thermocouple  errors  caused  by  thermal 
conduction  in  the  wires. 


they  have  low  vapor  pressures  in  the  tem- 
perature range  of  interest.) 

Figure  2  shows  the  calibration  curve  ob- 
tained from  the  infrared  and  thernx)couple 
readings.  After  initial  calibration,  the  thermo- 
couple was  removed,  and  the  beads  alone 
were  used.  The  calibration  did  not  change 
during  6  weeks  of  intermittent  use,  nor  was 
it  changed  by  removal  and  repainting  of  the 
graphite.  The  calibration  also  did  not  de- 
pend critically  on  the  angle  between  the 
optical  axis  of  the  microscope  and  the 
coated  flat  on  the  specimen  or  on  the  angle 
between  the  axis  and  the  quartz  window. 
Both  angles  could  be  within  ±15°  of  per- 
pendicular and  were  easily  set  by  eye. 

This  work  was  done  by  Donald  R. 
Wheeler,    William   R.    Jones,    Jr.,    and 
Stephen  V.  Pepper  of  Lewis  Research 
Center. 
LEW-14872/TN 
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Figure  2.  The  Reading  of  the  Infrared  Mi- 
croscope varies  consistently  with  the  tem- 
perature of  the  specimen  shown  in  Figure  1. 
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Two-Frequency  Electro-optic  Gas-Correlation  Spectrometer 


An  acoustical  modulator  is  not  necessary. 


A  relatively  simple  gas-correlation  spec- 
trometer employs  electro-optic  pinase  mod- 
ulation (EOPM)  at  two  frequencies  rattner 
tlian  at  one  [Applied  Optics,  25,  2860, 
1986]  to  detect  selectively  gaseous  ab- 
sorption of  radiation.  Detection  is  performed 
at  Vr\e  difference  of  the  two  modulation  fre- 
quencies. 

In  ttie  EOPM  correlation  spectrometer 
(see  figure),  collimated  ligtnt  from  a  source 
is  passed  ttirough  a  cell  ttiat  contains  a 
sample  for  analysis.  Light  emerging  from 
the  cell  is  passed  sequentially  through  two 
EOPfvl  modulators  operating  at  frequen- 
cies f^  and  fj  arid  then  through  a  reference 
gas  cell.  Equivalently,  the  two  frequencies 
can  be  applied  to  a  single  EOPIVI.  A  photo- 
detector  measures  the  intensity  of  the  light 
transmitted  through  the  system.  The  effect 


of  the  EOPfvl 's  is  to  redistribute  the  molec- 
ular absorption  lines  of  the  gas  in  the  sam- 
ple cell  into  upper  and  lower  sidebands  that 
are  displaced  from  the  original  positions  by 
the  phase-modulation  frequencies.  If  the 
absorption  spectrum  of  the  gas  in  the  sam- 
ple cell  coi  relates  with  that  of  the  gas  in  the 
reference  cell,  a  signal  appears  at  the  de- 
tector at  the  difference  frequency  jf^  -  fjl- In 
this  case,  the  amplitude  of  this  signal  is  pro- 
portional to  the  amount  of  gas  in  the  sam- 
ple cells.  If  there  is  no  correlation  between 
the  spectra  of  the  gases  in  the  sample  and 
reference  cells,  there  is  no  signal. 

This  technique  offers  the  advantage  that 
the  difference  frequency,  |f-,-f2l.  f^^iay  be 
chosen  to  avoid  the  Mf  noise  region  in- 
herent in  light  sources,  detectors  and  am- 
plifiers. The  two  frequencies,  f^  and  fj.  must 


be  comparable  to  or  greater  than  the  width 
of  an  absorption  line  to  achieve  high  re- 
sponsivity;  however,  the  difference  may  be 
small  so  that  a  large  l~andwidth  detector  is 
not  required.  The  signal  at  |^,  -fjl  is  pro- 
portional to  the  absorption  in  the  gas  so 
that  there  is  no  need  to  resort  to  error- 
prone  subtraction  of  one  large  signal  from 
another  to  estimate  the  absorption.  The 
correlation  spectrometer  must  be  empiri- 
cally calibrated  to  obtain  a  quantitative 
measure  of  the  gas  in  the  sample  cell. 

This  work  was  done  by  Jack  S. 
Margolis,  David  M.  Rider,  Daniel  J. 
McCleese,  and  John  T.  Schofield  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 
NP0-17638/TN 
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The  Two-Frequency  Electro-optic  Gas-Correlation  Spectrometer  Is  relatively  simple.  Illumination  is  provided  by  an  ordinary  lamp,  there  are  no 
moving  parts  (e.g.,  piston  or  acoustic-driver  pressure  modulators),  and  the  filtered  output  of  the  detector  is  a  beat-frequency  signal  directly 
proportional  to  the  correlation  between  the  spectra  of  the  gases  in  cells  1  and  2. 
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Wing  Covers  for 
Aerodynamic  Studies 

Techniques,  problems,  and 
solutions  are  described. 

A  report  discusses  the  construction  of 
thin  covers  —  known  as  "gloves"  in  the  in- 
dustry —  on  the  wings  of  airplanes  for  use 
in  aerodynamic  studies.  The  gloves,  made 
of  foam  cores  and  fiberglass-and-resin 
outer  layers,  contain  instrumentation  to 
measure  properties  of  boundary  layers, 
sounds,  and  pressures.  The  report  focuses 
on  the  gloves  installed  on  F-14A  and  F-15A 
airplanes,  and  compares  the  techniques 
used  to  construct  these  gloves  with  the 
technique  used  to  construct  a  glove  on  an 
F-111  airplane  during  a  previous  study. 

The  report  begins  with  a  brief  history  of 
the  flight-research  programs  for  which  the 
gloves  were  developed.  Experiences  in  the 
construction  and  use  of  the  gloves  are 
summarized. 

Following  the  introduction  is  a  section 
devoted  to  the  program  of  experiments  on 
the  F-14A.  The  first  subsection  gives  a 
general  description  of  modifications  of  the 
structure  and  operation  of  the  airplane  to 
accommodate  the  gloves.  The  second  sub- 
section describes  preconstruction  tests  in 


flight  and  on  the  ground.  The  third  subsec- 
tion describes  glove  I,  a  full-span  glove  on 
the  upper  surface  of  the  left  v\/ing.  This 
subsection  begins  with  the  techniques 
used  in  the  following  10  steps  of  installation 
of  glove  I:  (1)  preparation  of  the  wing,  (2)  in- 
itial bonding,  (3)  installation  of  the  foam 
core  and  fiberglass  outer  layer,  (4)  the  use 
of  templates  to  verify  the  outer  surface 
contours  of  the  gloves,  (5)  incorporation  of 
plumbing  for  instrumentation,  (6)  shaping 
the  gloves  to  final  contours,  (7)  postcuring 
and  finishing,  (8)  final  placement  of  in- 
stojmentation,  (9)  final  checks  and  spot 
finishing,  and  (10)  load  tests.  This  subsec- 
tion concludes  with  a  description  of  con- 
struction problems  and  solutions.  The 
fourth  subsection  describes  glove  II,  a  full- 
span,  variable-thickness  glove  on  the  right 
wing.  This  subsection  is  abbreviated  by 
reference  to  similarities  with  the  construc- 
tion of  glove  I. 

The  next  section  discusses  the  program 
of  experiments  on  the  F-15A.  This  section  is 
also  abbreviated  by  reference  to  similari- 


ties with  the  techniques  of  construction 
used  in  the  F-14A  program.  The  final  sec- 
tion presents  conclusions  and  recommen- 
dations for  good  engineering  practice  in 
general  construction,  compensation  for 
the  characteristics  of  the  vehicle,  incorpor- 
ation of  instruments,  the  use  of  filler 
materials,  postcuring,  the  selection  of  ma- 
terials, maintenance,  and  the  necessity  for 
skilled  construction  workers. 

This  work  was  done  by  Marta  R.  Bohn- 
Meyer  of  Ames  Research  Center.  Fur- 
ther information  may  be  found  in  NASA 
TM-1 00440  [N88-21128],  Price  Code: 
A03  "Constructing  'Gloved'  Wings  for 
Aerodynamic  Studies." 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling 
(800)  336-4700. 
ARC-12238/TN 
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